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PREFACE. 

In writing these pages I have endeavoured to supply to the 
average mechSiDlcal draughtsman the iaformatioa necessarr to 
enable him to apply his art to the design of gas euglDes. A real 
knowledge of the elemenls of machinsB can only bo acquired in 
the fitting and erecting ebops. There the eye is trained and a 
sense of proportion developed which is aiwaya heiptul In tbe 
design oE now patterns. Unless, however, a draughtsman 
thoroughly nnderstondB tbe principles which underlie bid art, 
he Is liable to errors which prove themselves as costl; as those 
made by the mere theorist. 

In developing tbe conception of tbe worlc before nie, I have 
first described tbe general arrangement of a gas-engiae plant, 
then tbe types of modern gai engines, and have atterwarde 
attempted to explain how their leading dimensions may be 
calcnlated. 

Tbe importance of Byatematio testing is now (elc by many 
engineers. 1 have therefore described in detail the apparatus 
requited and the calculations necessary to moke a complete 
gas-engine trial. In connection with this suttject a chapter is 
added on the practical analysis of gases. 

Tbe first part of tbe book concludes with a description of a 
series of experiments made to determine the effects of 
prodncts of combustioa when present In explosive mixtures of 
coal gas and air. Some doubt has been expressed as to the 
accuracy of the ooncluslons drawn from ttaenn experiments, on 
the ground that tbe mixing of the gases was imperfect. Having 
regnrd'-tA the fact that at least one minute oC lime elapsed 
between filling the vessel and Igniting the charge, wliereai iu 
a gas engine running at ISO revolutions per minute only one- 
tblrd of a second elapses, I think it Improbable thaD the diffusion 
of prodacts of combustion In a gas-engine cylinder is more 



perfect thui In my exp«rlmeatal apparatus, notwithstanding 
the wide difference between the condltiong. 

In the eeeond part of the book a brief deHcrtptlou ia given of 
the pbyeical propertlee ot oils, of oii-engi^e yaporliers, and a few 
special points in connection wltb oil-engine testing. 

In conclDslon, I desire to express mj thanks to the following 
flrms for their kindness In assisting me: Messrs. Crowley; 
Andrews; Dick, Kerr, and Co.; Tangye, Fielding, Wells Brothers, 
Barber, Dougill, Crosby, Globe Engineering Co., Prlestman, 
and Elliott Brothers. I also desire to acknowled^ tbe assist- 
ance I have derived from the works of Professor WUllam 
Robinson, Professor Unwin, Mr. Bryan Dookln, Mr. Dogald 
Clerk, and from Professor Capper's report on the Royal 
Agdcnltaral Society's Trials, held at Cambridge. 

F.a. 

July, lS9r. 



PREFACE TO THIRD EDITION. 



Tbb third edition of this book has been enlarged, notably by the 
addition of cbaptera on gas engine efficiency and the application 
of 00 diagrama thereto. My experiments on tbe explosion 
pressures of aretflene and air, although publiRbed in pamphlet 
form, are here incladed ; also tbe reanlte of testa I have made 
at various times. 

1 am Indebted to Proteaaor Goodman and to the Council of 
the Yorkshire College for facilities In carrying oat several 
ex|)erimentB herein recorded during my connection with tbe 
College ; also to Mr. Dent Prlestman, Mr. Hngh Campbell, and 
others for their kind assiatance. 



Leede, 

February, 1901. 
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MODERN GAS ENGINES. 



CHAPTER I. 

Introdoction, 

In writing upon the subject of modern gas engines, it may 
at first be thought tliat an historioal preface ia out of place ; 
but in glancing through the records of progress made 
during the hist 35 years, it is remarkable bow many of the 
improvements we are apt to regard as new are merely 
the embodiment of suggestions made by those engaged in 
bringing the gas engine into practical use. In more than 
one instance has an important advance been entirely lost 
sight of until, by more recent investigation, it has been 
again introduced and submitted to practical teste. These 
remarks indicate the importance of a concise knowledge of 
the failures and successes of early inventors, and, if need 
be, justify the introduction of historical matter. 

It is probable that ever since gunpowder has existed 
inventors have sought to utilise its potential energy for the 
use as well as for the destruction of their fellow-men. In 
support of this assumption, we find records of attempts to 
explode gunpowder in a cylinder as early as 1G78. A 
practical form of engine might have been evolved had it 
not been for the mechanical difficulties to be overcome in 
obtaining continnous and regular explosions with such a 
substance as gunpowder. It ia not surprising, therefore, 
that at a time when the steam engine was beginning to 
occupy men's minds, the combustion engine was entirely 
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n^lected ; nor is it sarprising that bo long as an explosive 
substance could onlf readily be obtained in the form of 
solid matter, mechanical di^cnlties impeded all progress. 
When, however, Dr. Watson discovered that gas could be 
distilled from coeiI, and when, in the year 1792, Murdoch, a 
Cornish engineer, demonstrated the practical application 
of coal gas tor lighting purposes, then we find the interna) 
combustion engine again the subject of experiment. About 
this time^ it will be remembered, the steam engine had 
become a powerful assiatant in the mining indoatry, and 
was undergoing important development, brought about by 
the world-famed Watt. Naturally the majority of mecha- 
nicians were absorbed in furthering its possibilities. 
Nevertheless, from the year 1791 to 1801 three patents are 
on record setting forth the use of explosive mixtures of 
coal gas and air in motors. The firsts by John Barber, 
explains how a wheel, with vanes upon its circumference, 
may be driven by releasing the pressure of an explosion 
through an orifice placed in proximity to the vanes. The 
second patent, taken out by Street in 1794, mentions the 
use of cylinder and piston, the latter beiog driven out- 
wards by the pressure of the explosion Flame ignition is 
first made use of in this engine. In 1801 another patent 
appeared under the name of Lebon, setting forth the 
advantages of compressing the gas and air before entering 
the explosion cylinder. Thus we see that as early as 1801 
two of the principles had been explained, upon the merits 
of which later engines became a practical success. It 
appears curious that so much time should elapse between 
the publication of these specifications and the production 
oE a really useful gas motor ; but it is highly probable that 
the two factors contributing to this end were, firstly, the 
crude mechanical appliances for manufacturing purposes ; 
and secondly, the tendency to follow the details of small 
steam-engine design, which in the matter of valves, glands, 
and pistons are entirely unsuitable for the peculiar condi- 
tions of gas engine work. 
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It ia curious to note how the phases of construction of the 
steam engine, dnring a period exteading over nearly 200 
years, have been practically repeated in the case of the gaa 
engine in about half the time. Just as in the steam engine, 
'when low-presBure Bteam was condensed in the cylinder so 
that unbalanced atmospheric pressure oould be utilised, so 
in the gas engine many attempts were made — and these 
were not without a measure of saccess — to utilise the 
unbalanced atmospheric pressure due to the contraction in 
volume of an explosive mixture, rather than the pressure 
produced dnring the explosion In 1823 an English patent 
was taken out by Brown, giving the details of such an 
atmospheric engine. The pressnre of the explosion was 
permitted to escape through yalves in the pbton, which, 
however, closed when the pressure of the atmosphere ex- 
ceeded that of the gas. A little water injected into the 
cylinder assisted in cooling the products of combustion, and 
so reduced the pressure rapidly below that of the atmosphere. 
A few of these engines were constructed for commercial 
purposes, but owing to the di£Qcalty in keepii^ them going, 
and to the expense in gas, they were finally abandoned. 
From 1823 to 1838 but little was done to popularise the gas 
motor, althotigh dnring that )aipaa f£ time the water jacket 
was added to the cylinder for cooling purposes, and some 
attempts were made to govern the speed of an engine by 
-controlling the admission of gas. 

In 1838 Barnett made practical use of the principle of 
compression by constructing a single-acting motor cylinder, 
at each side of which was placed a gas and air pnmp. The 
three pistons mored simultaneously in the same directions ; 
the gas and air pumpa delivered into a receiver, from which 
-communication was made to the motor cylinder as the 
charge was ignited Barnett afterwards constructed double- 
acting engines, but with less success. 

Between the years 1838 and 1860 nothing of much practical 
value was added to the gas motor. There were a considerable 
number of patents registered during this period, describing 
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engines working with oxygeD and hydrogen gases, but no 
real progress was made nntil I8G0. Abont this time it 
ftecame recognised tliat double-acting cylinders were not 
suitable for gas engines, on account of the necessary absence 
of compression, the intensity of heat, the difficulties of 
packing and keeping a narrow piston in order. All these 
points were fully exemplified by the working of the Lenoir 
engine, which made its appearance about 18C0. Although 
exhibiting those weak points of design, the Lenoir engine, 
owing to commercial t^encies, became popular. The details 
of construction resemble somewhat those of an ordinary 
steam engine i a slide valve, Sports for admission and esca]>K 
of the gases, electric ignition, water- jacketed cylinder and 
covers, were amongst the special features of the engine. 
Notwithstanding the consumption of gas amounted to about 
100 cubic feet per horse power per hour {a fact probably not 
known to purchasers), this enpine had a large sale. The 
defects of working ruined the future of the engine; and 
although it was subject to alteration in the hands of Hugou 
by the introduction of flame instead of electric ignition, it 
never recovered the reaction of opinion set up by public 
disappointment. 

In 1843 Joale determined the mechanical equivalent of 
heat, and from that time attention was drawn to the 
question of thermal efficiency of motors, although it was 
some years before this treatment of the subject was 
thoroughly understood. In 1860 Barsanti and Mktteucci,. 
appreciating the convertibility of heat into motion, pointed 
out the necessity of rapid expansion after explosion, in 
order that the heat might be utilised in doing work, instead 
of the greater part being transmitted through the walls of 
the cylinder to waste itself in heating the jacket water. 
The engine constructed by Barsanti and Matteucci never 
got beyond the experimental stage, in spite of the correct 
principle upon which it was worked. In 1863 Otto and 
Langen, having also conceived the necessity for rapid 
expansion, devised a motor somewhat similar to Barsanti's,. 
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making use of a free piatOD, which 'was shot upwards in a 
vertical cylinder by the force of the explosion. In its 
upward passage the weight of the piston only was overcome, 
bat on its downward stroke the piston rod, made in the 
form of a rack, and geared to a pinion on the flywheel axle, 
caused the latter to rotate. A special ratchet gear was 
fitted to the pinion, so that it could revolve freely upon the 
flywheel axle daring the upstroke of the rack. A few 
engines of this type are working at the present time, though 
they are regarded as curiosities amoogst gas motors. The 
consumption of gas was only about 40 cubic feet per brake 
horse power per hour, bat the noise and vibration were 
sufficiently objectionable features to prevent its gaining 
great popularity. 

About this period (1861) it was again pointed out by 
Gustave Schmidt and Million that economy wonld be 
etfricted by compression before explosion. Million attempted 
the practical illastration of the principle of compression 
first upon linea similar to those of Barnard in 1838, but 
afterwards he introduced the compressed gas into the 
cylinder at the dead point, providing for that purpose an 
equivalent to the clearance apace of a gas engine cylinder 
of the present day. 

In 1862, a French engineer, Bean de Bochas stated 
definitely the conditions necessary for maximum efficiency, 
and formulated the well-known cycle, now termed the Otto 
cycle because carried into practical eS'ect by one of that 
name. In the wording of the French patent taken out in 
186S, Beau de Rochae manifests a clear and advanced know- 
ledge of his subject He says (translated) : There are four 
conditions for perfectly utilising the force of expansion of 
gas in an engine :— 

I. The largest possible cylinder volume contained by a 
minimum of surface. 

II. The highest possible speed of working. 

III. Maximum expansion. 

IV. Maximum pressure at the b^innii^ of expansion. 
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In connectioa with his first-stated condition, he goes on to 
say that a cylinder of the largest possible diameter for a 
given expenditure of gas should prove the moat economical, 
and he deduces from this that only one ezploaioii cylinder 
should he used in each engine. FoUowiog this significant 
conclusion, he touches upon the effect of time of expansion 
in causing the transmission of heat to the jacket water, and 
states definitely that the more rapid the piston speed, and 
consequently the expansion, the less vill be the loss of heat 
to the jacket water. Speaking of maximum expansion, lie 
points out that the lowest limit of pressure is soon attained, 
because of the rapid condensation of the gases. To obtain 
a maximum expansion, therefore, the gases should be 
compressed when cool to raise the initial pressure of 
explosion. In connection with this he also points out 
that the obvious limit to compression must occur when 
spontaneous combustion takes place. 

Steam-engine makers, in taking up the manufacture of 
gas engines, have a tendency to think that the best results 
are only possible by a system of compounding gas engines. 
It is, indeed, natural that such should be the case. It should 
be remembered, however, that the beat modem engines are 
working upon the precise principles laid down in 1862 by 
Beau de Bochas, and that their success testiiies to the 
soundness of his views. Economy cannot be obt&ined 
by compounding, inasmuch as a great increase in com- 
pression is limited by spontaneous combustion, and 
expansion in two cylinders necessitates an increase in 
surface. Beau de Bochas anticipated in his specification 
still more, for he advocated combustion by compression, 
instead of by the electric spark, and finally gives a hint as 
to the value of a timing valve. 

At this juncture, perhaps, the author may be permitted a 
digression, to arrest the attention of those apt to scod at 
the value of scientific work in connection with the advance- 
ment of practical engineering. The position of science in 
relation to the development of the steam engine has been 
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ably defended from the attacks of practical mea by Frof. 
Unwin in his "James Forrest" lectore, pnblUh«d in 
volume cxxii. of tbe Proceediogs of the Institatign of Civil 
Eogineera. What stronger evidence than the history of 
the gas engine coald be adduced to prove that its ultimate 
snccess depended upon the scientific principles laid down 
by Bean de Rochas, who, although not concerning himself 
with the practical details of a gas engine, so thoroughly 
understood the scientific side of the question. la it not 
rather a reflection upon the so-called practical engineer that 
it took fifteen yeaiB to bring about anything like a practical 
development of the principles enumerated in 18621 

The Otto and Langen engine was the most practical 
form of gas motor in the market from 1863 to 1876. Many 
attempts were made to improve it, but none were effectual 
until Otto himself, in 1876, brought out an entirely new 
design of the type now familiarly associated with his name. 
This was the first successful engine — designed by one of 
high scientific attainments— in which compression toot 
place in the explosion cylinder ; and its production mark^ 
the period at which the gaa motor became a serious 
competitor against small steam eugineiL 



CHAPTER IL 

Arkahoeuent of Enginb-roou. 

The reader being now acquainted with the main points in 
connection with the hbtorical side of the subject^ we may 
proceed at once to a description of tbe details of an Otto 
gas engine of the type brought out in 1876, many of which 
are working at the present time. Although Otto engines of 
later design exhibit many important improvements in the 
details — which will be described on another page — we shall 
not get far astray in acc^ting the arrangement of gas 
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connections, jacket water circulation tanka, &c., as appli- 
cable to any gw engine at present on the market On 
account of the aniqne position of the Otto engine as the 
pioneer of all practical gas motors, and becaose nearly all 
more modern engines work apon the Otto cycle, it is 
necessary for the sake of completeness to treat of it here. 

The general ontaide appearance of the engine is some- 
what similar to that of a small horizoatal steam engine 
with overhanging cylinder, and a tmnk piston, instead of 
piston rod and guides. Fig. 1 is a sectional plan. The 
piston B is shown at the back of its stroke ; the space C is 
the clearauce, provided in all gas engines, in which the 
charge is compressed before ignition takes place. In this 
engine the clearance volume is about 50 per cent of the 
volume swept oat by the piston. The passage I is for the 
admission of air and gas, and also serves for the passage of 
flame in igniting the charge. 

The burnt gases are discharged through the valve J), 
lifted by means of a lever worked by a cam on the lay shaft 
P. The slide M works to and fro between the fixed part N 
and the back of the cylinder, and effects both the admission 
of air and gas and the igniting of the charge. The slide 
M in moving upwards causes communication between the 
air passage F, the gas port G, and the entrance to the 
cylinder I. Air and gas are thus drawn into the cylinder 
upon the outstroke of the piston. The spacing of the port 
edges is so arranged as to allow the gas to enter the cylinder 
jnst after the air port is shut. In this position the port L 
is filled with gas at atmospheric pressure, which is ignited 
by momentary contact with flame. The slide M then moves 
rapidly downwards ; meanwhile the piston B is returning to 
the back of the cylinder and compressing the chaise to 
about 40 lb. per square inch ready for explosion. It is evident 
that the burning gas entrapped in the port L would be 
extinguished by the pressure of gas in G the moment L 
communicates with I, and ignition would not occur. In 
order to raise the pressure in the port L on its way to the 
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inlet J, there is a verj small passage provided from tiie 
clearanoe apace commnnicating with the port L before it 
reacbes I. Through thia passage the compressed gas finds 
its way in very small quantities into L, raises the pressure 
in L, and maintains the combostion by the additional supply 
of air and gas. The passage through which this com- 
munication is made is too small to [lermit the firing of the 
charge in the cylinder, and this does not take place until 
the port L— carrying its burning gas now at the same 
pressure as that in C — reaches I and ignites the charge. 
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Fio. 1,— Seetioniil plsn of Otto g:i< cngiue. 

The piston is now driven forward by the explosion. The 
flywheels carry the piston back, driving the burnt gases out 
through D. It will be observed that an impulse is only 
given every two revolutions of the engine ; hence the 
necessity tor exceedingly heavy flywheels to maintain a 
constant speed. The Otto cycle, upon which nearly all 
modem engines work, may be summed up as follows :— 

_. ^ ... ( Outstroke draws in air and gas. 

First revolution... | jngtroke compresses charge. 

, , ,■ ( Outstroke caused by the explosion. 

becond revolution | ingtroke discharges burnt products. 
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In the description of various designs of gas engines, wo 
shall afterwards see tltat the mechanism for effectii^ this 
cycle of operations has ondergone many changes. For the 
present we may tarn onr attention to the arrangement of 
the engine-room best snited for the working of a gas engine, 
and to those fittings external to the engine itself. When 
possible, the room in which a large gas engine is placed 
should be qnite separated from any bailding in which 
vibration is likely to cause annoyance. If, however, it is 
not possible to provide a separate engine-houses two pre- 
cautions may be taken to prevent unpleasant resnlta. There 
should be no commuuicatiou between the main building and 
the engine-room, excepting by means of well-fitting doors, 
which should be made to close automatically. This caution 
is not necessary in the case of small engines, but large 
engines of from 40 to 60 LBLP., mnning at a speed of from 
160 to 300 revolutions per minute, cause a rapid pulsation of 
air owing to the displacement of the lai^e trank piston ; 
this pulsation may be transmitted through the passages and 
corridor to almost every room in the building, causing even 
the windows to vibrate to every revolution of the engine. 
For the same reason the engine-room should not be ventilated 
by connection with the air shafts of the building. Artificial 
ventilation is absolutely necessary, as the engine-room 
otherwise becomes unbearable. A small air propeller driven 
from the engine will answer this purpose admirably. 

Another fruitful source of annoyance is the vibration of 
the engine transmitted through its fonndations to the walls 
of the building. In some instances it has been found that 
on increase in the speed has checked the vibration of the 
foundations and walls. It is quite probable that every 
building has a period of vibration peculiar to itself, and if, 
therefore, a machine is mnning so as to have the same period 
of vibration, the results may be very noticeable. Increase 
the speed of the machine, alter its period of vibration until 
it no longer synchronises with that of the building, and the 
latter will not respond ; thus the effect will be minimised to 
an inappreciable extenL 
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Another method by which vibration of the engine itself 
may be prevented from transmission to the building is to 
bolt the engine bed down upon a somewhat soft and springy 
raateriaL Let some timber baulks be placed longitudinally 
with the engine bed. Over these pnt a layer of iron plate, 
say § in. thick, then put over the plate a layer of cocoanat 
matting. It is well to have these mats specially made. 
They should be mannfactnred after the manner of a thick 
pile cocoanut door mat ; two should be made of the required 
area ; the pile faces should bo put together, and the two 
bound at the edges into one thick maL By putting them 
t<^ether in thia way a thickness of 4 in. or 5 in. may be 
obtained of springy texture, and presenting an exterior of 
comparatively tough material. Another plate over the mat 
serves to distribute the weight of the engine over the entire 
area, and then the whole may be loosely held tt^etber by 
means of the foundation bolts. If this method is adopted, 
the engine will no doubt rock considerably, and extra large 
bolts may be necessary for holding down. The rock of the 
engine will canse considerable oscillation of the belt, and 
for this reason a rather short drive is to be preferred, 
These objections are, however, entirely outweighed by the 
satisfactory prevention of the transmission of vibration 
throughout the building. 

The next point to be considered in the arrangement of 
the engine-room is the position and size of the gas meter 
required. All engines shonld be provided with a separate 
gas met«r, so that the consumption of the engine may be 
checked independently. The meter should be placed oatside 
the engine-room in an atmosphere of normal temperature, 
for it must not be forgotten that an increase of temperature 
results in an increase in the volume of gas. If, therefore, 
the meter is kept at a high temperature, the cubic feet 
registered by it will be greater for the same weight of gas 
than if kept at normal atmospheric temperature. No 
injustice is done to the producers of the gas by taking this 
precaution, because the temperature of the supply is itself 
normal. 
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The size of a gas meter is usually gauged by the maximam 
number of lights for which it is designed. Thus, small 
houses are fitted with a 5-liglit meter, others a 10-tight meter, 
according to the reqairemeats, and this indication of tli>) 
size is usoaUy printed upon the index of the meter. A 
useful rule for determining the size of a dry meter required 
for a gas engine, the brake horse power of which is known, 
is as follows : Si x brake horse power + 5 = size of meter 
required {measured as above stated). 

Thus, suppose an. engine of 30 brake horse power is being 
erected, the meter required will be 3'4 x 30 + 5 » 107-light 
meter. In this instance a 100-light meter would suffice. 

Gas and oil engine makers are now quoting in their 
catalogues the brake or effective horse power, instead of 
indicated and nominal horse powers. The relation between 
these will be dealt with upon following pages, devoted 
to gas-ei^ine testing ; but it may here be said that this 
innovation is a great improvement, inasmuch as the pur- 
chaser knows exactly the capacity of an engine for doing 
useful work. 

Having determined the size of meter suitable for measuring 
the gas supplied to an engine, we must next consider the 
size of pipe from the meter to the engine. The following 
rule gives the correct size of pipe for a given size of meter : 

Meter size (measured in lights) x 0*008 + 075 = bore of 
pipe in inches. In the example previously worked it was 
calculated that a 100-light meter is suitable for a 30 brake 
horse power engine. The size of gas pipe for this meter 
will be equal to 100 x 0008 -(- 075 = O'S + 075 = 1-56 in. 
Putting in a size of pipe to the nearest J in., we should, 
in this instance, couple the gas supply to the engine by 
means of a 1^ in. diameter pipe. 

Another mle may be used for obtaining the diameter of 
gas pipe when only the brake horse power is known. If 
D = inside diameter of pipe in inches, then we have — 
D = 0027 >: brake horse power + 075. 
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Working out the di&meter suitable for a 30 brake horse 
power engine, we have — 

D = 0027 X 30 + 075 

= 0-81 + 075 

- I'oO in. ; 
and patting in a sise to the nearest }in., we obtain l^in. 
diameter, as before calculated from the other data. 

Between the gas meter and the engine there should be 
fitted a flexible bag through which the gas passes. The bag 
may be made by clamping two sheets of indiarubber about 
I in. thick to each aide of a cast-iron ring, the diameter of 
which may be from 1 ft 6 in. to 2 ft. 6 in, or morp, according 
to circumstances. By this arrangement rapid fluctuation of 
pressure in the gas mains is prevented, thereby maintaining 
a steady light given by the burners in proximity to the 
engin& To contribute to this end, two baga are sometimes 
fitted in the following way : The bags, each coi^posed of a 
caat-iron diah to form one side, and sheet rubber the other, 
ore connected together, so that the gas enters and fills one, 
then poBsee on to the next. Between the entrance to the 
first gaa bog and its pipe flange is fitted a cast-iron box con- 
taining a plain slide valve. This valve is moved by a lever 
attached to the centre of the rubber aide of the bag in such 
a. way as to close the entrance to the bag when the latter is 
full of gas. A similar valve is fitted between the two con- 
secutive bags, and the whole forma a very efficient means of 
governing the pressure in the mains. In putting up the gaa 
piping and bags, the rubber sides should be placed next the 
wall, and the bags should be aa near the engine as possible. 
It is advisable to leave sufficient room between the wall and 
rubber to enable the attendant at any time to place his 
hnnd upon the rubber to flatten it. It is often necessary to 
do this in starting an engine, to get rid of an accumulation 
of poor gas in the bags when the machinery has been 
standing several days. It is also a useful precaution to have 
a small gas cock fitted to the mains near the meter, to which 
a U glass tube may be attached by an indiarubber pipe 
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By partially filling the tube with water and opening the 
cock the fluctaation of pressure in the mains may be 
observed, and the efficiency of the gas bags tested when the 
engine is mnning. The rubber side of the bags must be 
kept perfectly clean and free from oil, or its corrosive effect 
will soon be evident, and, further, the mbber must not be 
subject to excessive temperatures. 

The diameter of the engine exhaust pipe may be found 
from the following rule for any engine larger than 6 brake 
horse power : If Dc ^ diameter of exhaust pipe, 
then we have D, = 528 horse power "-st 

Taking the brake horse power at 30, as in the previous 
example, and applying the rule given to find the exhaust 
diameter, we have — 

0-528 X 30*" = D'. 
1(^ 30 = 1477 ;* 
and 1-477 X 0-57 = 838 (nearly) - the log of (SO*-*^). 

Finding the number corresponding to 0'838, we obtain 
C'89 and 0-528 x G'89 >= 364 diameter of exhaust pipe in 

We shonld here adopt a 3g in. or 3| in. diameter pipe. 
Engines of from 1 to 5 brake horse power may have the 
exhaust pipes from 1 ia diameter to 1| in. 

It is very important that the exhaust pipe shonld be free 
from bends, but where necessary they should be of large 
radius, say 6 in. Owing to the high temperature of the 
exhaust gases, the pipe should be isolated from inflammable 
material When the mouth of the pipe discharges into the 
open air it should point downwards, to prevent the 
collection of rain water. When it is desirable to deaden 
the noise of the exhaust, it may be discharged into a cast- 
iron chamber partially filled with flint pebbles, or into the 
bottom of a trench filled with pebbles. Whatever form of 

• All calculiUou will be worksd out upau a 10 io. illde rule, uid Uis ntaUa 
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exhanst chamber ia made ase of, it shoald alwajs be placed 
in an accessible place, and provision made for efficiently 
draining water which may collect. 

The next subject for consideration in the arrangement of 
gas-engine plant ia the delivery of water to the jacket 
surrounding the working cylinder of the engine. The 
jacket water circulates round the cylinder in an annular 
space, formed by the outer wall of the explosion cylinder 
and the inner wall of a concentric casing. This casing is 
cast with the cylinder, and the space allowed for the wat«r 
is from j in. to 2 in. A flange is provided at the under side 
of the jacket for the inlet of the water, and another at the 
top and front end for the oatlet. For small engines the 
inlet and outlet pipes may be the same size, bat when 
circulation tanks are used, and the engine is over 20 horse 
power, it is better to have the outlet pipe from J in. to J in. 
larger in diameter. 

The function of the jacket water is to carry away the excess 
of heat due to combustion in the cylinder, which, under the 
present conditions, cannot be converted into work. It is 
found in practice that the quantity of heat accounted for 
by the jacket water amounts to from 30 to 50 per cent of the 
total heat derived from the combustion of the gases in the 
cylinder, and that under these conditions lubrication is 
possible. In estimatii^, therefore, the quantity of jacket 
water required, it is necessary to bear in mind that it must 
absorb not less than SO per cent of the heat of combustion, 
and that its mazimam temperature should not exceed 
150 deg. Fah. for continuous running. When the cooling 
water runs to waste, the maximum temperature may be 
somewhat higher, but when circulating tanks are used it is 
better not to exceed 160 deg. Fah. If we assume an 
average gas consumption of 22 cubic feet per indicated 
horse power per hour, we may estimate the heat units 
generated in the cylinder for each H.P. to be 22 x 620 
~ 1^640 units per hour, because 1 cubic foot of coal giis 
develops on an average 620 British thermal units. At our 
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lowest estimate, 30 per cent of this must be taken up by the 
jacket water ; this amoanta to 4,092 nnits. We have said 
that the jacket vater should uot exceed 150 deg. Its inlet 
temperatnre im-J be taken at GO deg. Fah., thns allowing a 
rise of temperature of IGO - 60 = 90 deg. Fah. per pound 



of -water, the ponnds per I.H.P. required 



4092 



(□early) per hour. This is equivalent to 4^ gallons of 
water per I.H.P. per hour, and it approaches the minimum 
quantity allowable for continuous working. Thus we find 
that if the water supply is continuous, and passes through 
the jacket, afterwards running to waste, at the rate of 
4^ gallons per I.H.F. per hour, efficient lubrication may be 
maintained. With such an arrangement, the size of the 
jacket inlet and outlet pipes will depend entirely upon the 
head of water in the source of supply, but as the arrange- 
ment described is only suitable for experimental engines 
and other special cases, the jacket pipes are put in from 1 in. 
to 2 in. diameter up to engines of 20 I.H.P. Above 20 H.P. 
the diameters range from 2 in. to 3 iu. for the inlet, and 
from 2^ in. to SJ in. for the outlet 

The most usual method of supplying the jacket is to place 
it in communication with n set of tanks, through which 
there is a free circulation of water. The diagram (fig. 2) 
shows an arrangement of drculation tanks. The tank A is 
coupled to the jacket inlet, and receives the feed necessary 
to make up the loss from evaporation. The outlet pipe is 
taken to the normal water level of the tanka This pipe 
should have a minimum rise of 2 in. per foot where it leads 
into the tank, in order to secure an easy circulation. The 
tank B communicates with A through a pipe starting from 
ihe bottom of B, passing out at the normal water level 
across to A. A drain pipe, slightly above the normal water 
level, serves to take away any excess of feed water. For 
clearness in the drawing the eugine is shown between the 
tanks, but it is usual to have the tanks side by side, outside 
the engine-room, in as cool a place as possible. They should. 
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howeTer, not be placed in the open air, as, in the event of 
severe frost, much inconrenience may be occasioned. In 
this connection it may be well to mention, that when an 
engine is subject to f roet, and is not ninning continuously, 
it is a wise precantion to have two vaWefl fitted to the inlet 
jacket pipe, the one near the tank A to shnt off the supply 
from A ; the other at the bend of the pipe as it enters the 
jacket, and communicating with the atmosphere; Thus the 
jacket only may be drained, and be secured from bursting if 
the frost gets to the engine. The circulation tanks should 
have a capacity of from 20 gallons to 30 gallons per I.H.P., 
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■o as to allow a su£Scient time for cooling. The form of 
tanks is usually cylindrical, though need not be. It is, 
however, necessary that the effective height should be from 
two and a half to three times the diameter or breadth, 
otherwise a good circulation will not be induced. 

The circulation is induced by the expansion of the oolamn 
of water in the pipe e leading from the jacket to the tank. 
When the engine is started the jacket temperature may 
reach about 160 deg. Fah., and the volume of the water will 
increase about Tilth. Thus, a column of water 8 ft. high 
will increase when heated nearly to 6ft. 3^ in. There will 



tiien be en eqaiv&lent head of water in the cold tank A of 
3} io., which, selecting friction in the pipes, will cause the 
cold water to enter the jacket at the rate of 44 ft per 
second. Thns, immediately upon starting the engine, a very 
brisk circulation of the water is induced. After some time 
has elapsed, the water in A rises nearly to the same tern- 
peratare as at the bottom of B, so that the equivalent head, 
which afterwards maintains the circulation, may be calcn- 
lated from the difference in temperature between a stratum 
of water at the bottom and that at the top of the tank B. 

We have now dealt with the chief external fittings of a gas 
engine worked by town's gas. The economy to be gained 
by putting down plant for the production of Dowson gas 
depends upon many conditions which may or may not exist 
in any particular instance. Undoubtedly, for the constant 
running of large engines, producer gas is by far the most 
economicaL This important subject will be more folly 
discussed later. 

Before concluding these remarks npon the arrangement of 
an engine-room the following points may be noted : When 
possible, arrange for the tight side of the belt to run from 
the bottom of the driving-wheel. This is not always con- 
venient when driving a dynamo, for the dynamo pulley 
must ran in the same direction as the hands of a watch 
when viewed from a position facing the pulley end of the 
dynama When cramped for room, it is necessary that the 
gas-engine cylinder should lie between the dynamo and the 
engine crank shaft ; thus, with an engine receiving its 
impulse on the top throw of the crank, the tight side will be 
at the top. With a fair width of belt no serioas amount of 
slip will take place in transmitting, say, 40 horse power, 
even though the driving pulley be 7 ft. diameter, the driven 
pulley 18 in., and the shaft centres only 15 ft. apart. Gas 
ei^ines have in some instances been coupled directly to the 
dynamo shaft, thus effecting a great saving of space. At 
Sunderland a gas-engine plant has recently been put down 
drivii^ the centrifugal pumps at the docks without the use 
of either belts or gearing. 



CHAPTER III. 
Types of Qas Enoiites. 

Atkinson's "differential" and "cycle" engines. 

Since the Otto patent expired, the oommercial ralae of 
other engines has much depreciated, and in man; cases 
makers hare abandoned their own patents in favonr of 
the Otto principle. In 18^, Mr. J. Atkinson, M.I.M.R, 
patented a motor known as the Differential engine. Thia 
flngine was constnioted upon different lines to any other 
gas engine that has been made, and from a theoretical point 
of view is the most perfect engine yet invented. Regarded 
however as a mechanical contrivance, Mr. Atkinson him- 
«elf says it is not good, thoagh it may be considered an 
ingeniooe combination of link motion. Although not now 
manufactured, no work upon the gas engine wonld be 
complete without a description of this machine. Figs 3, 
4, 5, and 6 show the engine diagrammatically in four 
positions of the crank pin. The cylinder is open at both 
ends, and water jacketed on the top only. Two pistons 
work in the cylinder, and are each connected with the crank 
pin P by means of a freely jointed connecting rod c, 
attached to the bent lever L. This lever oscillates npon the 
fixed pin D, which is attached to the framing of the engine. 
The apper end of the lever L drives the crank pin by means 
of the short connecting rod R. Fig, 3 shows the engine 
with the charge compressed between the two pistons. The 
left-hand piston is jnst uncovering the entrance to the 
ignition tube L It will be observed that as the crank pin 
follows the direction indicated by the arrow, the rod R, 
merely revolves about the upper end of the lever Li nntil 
P arrives at position shown in fig. ^■' The left-hand 
piston has therefore remained almost stationary, whilst 
the right-hand pis'.on has moved very rapidly to the right 
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and the charge between the piatons is expanded, thas 
giving an impnlae to the crank pin in the direction of itg 
motion. The effect of the preasare upon the left-hand 
piston during the time the crank pin moves betveen the 
positions shown in figs. 3 and 4 merely produces a down- 
ward thrust upon the crank -shaft journals, and onl; a small 
resolved force acts against the rotation of the crank pin. 
On the other hand, the rod R, attached to the right-hand 
lever L, exerts an almost tangential efiort on the crank pin 
during this quadrant. The exhaust port is now uncovered 
by the piston c, and remains so during the next quarter 
revolution. In the mean time the left-hand piston c,^ moves 
rapidly to the right, and expels the whole of the burnt 
gases. The piston c now moves tloidy to the left, covering 
the exhaust port> while c^ moves rapidly to the left, 
drawing in the fresh charge. Fig. 6 shows the position of 
the pistons when the charge is complete, and it should bn 
observed that the volume enclosed by the pistons is here 
leu than in fig. 4, just when the exhaust opens. It there- 
fore follows that the charge is expanded beyond its original 
volume at atmospheric pressure, thus carrying out the prin- 
nple of maximnm expansion laid down by Beau de Rocbas. 

The four characteristic features of this engine are — an 
ignition per revolution, the expulsion of the burnt gaae!', 
expansion to greater than the originalvolume, also perfectly 
automatic valves and means of timing the ignition. Not- 
withstanding the mechanical defects, this engine was the 
most economical of its time, for it consumed only 26 cubic 
feet of gas per brake horse power in small engines, and this 
was reduced to 24 cubic feet in large engines. This engine 
was first exhibited at the Inventions Exhibition held in 
London in 1835, and was there awarded a gold medaL 

Its mechanical defects were so obvious that its manufacture 
was abandoned in favour of another type, patented by Mr. 
Atkinson, and known as the Cycle engine. Here the 
patentee sought to combine the advantages of the Differen- 
tial engine with more durable mechanism, and he was able, 
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by the arrangement aliown in figs. 7 to 10, to reduce the 
gas oonsumptioD to 22 cubic feet per brake horae pover per 
lionr. Fig. 7 shows the position of the piaton wbeD ignition 
takes place. The fixed centre F being rather below the 
horizontal centre line of the cylinder causes the rod B to 
rise through a greater angle above than below F. By this 
means the explosion stroke was ll'l ia Fig. 3 gives the 
position of the links at the end of the explosion stroke. 




Darit^ the exhaust stroke it will be noticed (fig. 9) that 
the joints at C are inclined instead of horizontal, as in fig. 
7, thus increasing the length of the backward stroke to 
I2'4 ia, and bringing the piston close to the back of the 
cylinder. The whole of the burnt gases being driven out, 
the piston makes another forward stroke, but, as before 
mentioned, owing to the suialler angle made by the link R 
below the horizontal, this stroke only measures 6'3 ia Fig. 
10 shows the position of the crank pin when the charge is 
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completed. Fig. 11 girea a more complete view of the Cycle 
ei^ine, many of vhich are at the present time working. 

The rod a operates the gaa valve bj means of a cam on the 
crank shaft A similar rod in front of a operates the exhaust 
ralve. The ignition tube in this engine is screwed direct 
into the back of the cylinder, the time of ignition being 
determined by the length of the tube. The hot ignition tnbe 
commnnioatea with the combustion chamber by means of the 
email hole, through which passage the fresh chaise b com- 
pressed into the tube. After the explosion, expansion, and 
exhaust have occnrred, the tnbe remains full of products of 
combostion, and it is evident that, before a fresh chaise can 
be ignited, these products must be so far driven to the end 
of the ignition tube as to allow the fresh mixture to come in 
contact with the red-hot portion of the tabe. Hence the 
length of an ignition tube plays an important part in 
determining the amount of compresaion necessary, and 
consequently the time of an esplofiion. In the Cycle engine 
the firing of the charge is regular, and little trouble is 
experienced with it This is probably, in a great measure, 
due to the pure charge put into the cylinder. There is 
much diversity of opinion upon the value of a timing valve. 

To show the result of the application by Mr. Atkinson of 
the principles laid down by Beau de Rochas, the following 
figures may be quoted. A 6 horse power Cycle engine was 
put down by the Hampton Wick Local Board to drive a 
sii^le-acting air compressor in connection with the Shone 
pneumatic sewage system. This was tested against a 
duplicate set of pumps driven by a Crossley Otto engine 
under precisely similar conditions. It was found that the 
Cycle engine consumed 18'4 per cent less gas than the 
CrOBSley engine. Notwithstanding the high efficiency of 
the Cycle engine with regard to gas consumption, it has 
been found to be costly in up-keep, requiring more lubrica- 
tion and more frequent repairing, consequently, now that 
the Otto patents have become public property, the Cycle 
engine is not manufactured. It is nevertheless worthy of 
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careful stadr as an example of a very Buccessfnl attempt to 
put into practice the true theory of an economical gas engine. 
It has been Btated previously that the majority of gaa 
engines now being manufactured work on the Otto cycle, 
but owing to the irregularity of the impulse given to the 
piston it is certainly desirable to aim at a more equal 
distribution of the taming effort exerted upon the crank 
pin. This object may be to some extent attained by 
building an engine with two Otto cycle cylinders instead of 
one, and a still greater regularity in the impalsea has been 
attained by the constmctioti of double-acting cylinders, 
made possible by improvements in details relating to 
lubrication and glands. 



COMPARATIVE CYCLES OF OAS I 

The following diagram, fig. 12, shows the steadiness of 
runniug with the various cycles now used. The shaded 
squares represent indicator diagrams taken from the back 
or front of the piston when an explosion takes place. It ia 
seen that in the Otto cycle single-cylinder engine, in six 
revolutions, only three impaUes are given to the piston. 
The Griffin engine, about which more will bo written, has a 
double-acting cylinder. The series of operations on one side 
of the piston only is as follows : — 

1. Outatroke : Explosion and expansion. 

2. Instroke : Products of combustion expelled. 

3. Scavenger stroke — outstroke : Draws in pure air only. 

4. Scavenger stroke— instroke '. Clears out the cylinder. 
6. Outstroke : Draws io gas and air. 

6. Instroke : Compresses ready for explosion. 

It is therefore evident that the back of the piston receives 
one impulse every three revolutions. Similarly, the front 
of the piston receives one impulse every three revolutions ; 
consequently during the six revolutions two impulses are 
received by one side of the piston, and two by the other, 
making in all four. The object of the third outstroke for 
drawii^ into the cylinder a charge of pure air will be fully 
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treated later; bat here it may be stated that if all the 
prodacts of combnatioii are entirelj swept out of the 
cylinder by this means, it is generally believed that the 
efficiency (^ the next obai^e of gas is increaaed. This is no 
doabt true when Dowson gas ia nsed, but experiments 
carried oat by the aathor npon mixtures of coal gas and 
air point to the concluBioii that the deleterious effect of 
burnt products is mach overrated, exceptii^ when the gas 
is more than 7} per cent of the air by volume. 

The Otto cycle, when applied to an engine having two 
cylinders, gives an impulse every revolution of the fly- 
wheels in the order shown upon the diagram. The Qri£a 
type, having but one doable-acting cylinder, and working 
without a scavenger stroke, gives an average of one 
impulse every revolution, though the sequence of the 
working stroke is perhaps somewhat less conducive to steady 
running. Thb is, however, improved by the use of two 
cylinders, each with its scaveoging strokes, giving eight 
impulses in six revolutions. And, lastly, the Griffin engine, 
with two double-acting cylinders and no scavenger stroke, 
gives twelve impulses during eix revolutions. Regarding 
only the number and sequence of motor strokes per 
revolution, the above-mentioned cases afford an example of 
what may be done by the various combinations of cylinders ; 
but it will be understood that there are other engines, 
which, whilst fulfilling one set of conditions indicated by 
the diagram, are distinct in design, and possess advantages 
peculiar to themselves. 

THB CBOS8LEY ESGISE. 

The modern Otto, as built by Messrs. Croasley Brothers 
Limited, Manchester, is very diSurent from that illustrated 
in fig. I. The old method of flame ignition is now entirely 
Bnperseded by allowing the explosive mixture in the cylinder 
to enter a red-hot tube attached to the cylinder. The slide 
valve controlling the admission of the air and gas has been 
replaced by two simple mushroom valves, somewhat similar 
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to the exhaast valve oa the original Otto CDgine. There are 
many objections to the employment of a elide valve on a 
gas engine, and it is probable that a change vonld have 
been made mnch earlier had it not been generally believed 
that the slide valve effi^cted a better diatribation of the gas 
in the cylinder than was otherwise possible. In describing 
the original Otto, it was pointed oat that the spacing of the 
port edges, admitting the air and gas, was snch that air 
entered the cylinder first, then air and gas, and lastly pure 
gas only. It was believed that when the full charge had 
entered the cylinder it existed in three distinct layers— the 
purer gas assisted the ignition, the more dilute mixture 
spread the flame, and, lastly, the pure air deadened to some 
extent the percussive effect npon the piston. A deceptive 
••xperiment in support of this theory may be made by 
littiQg a simple piston in a glass tube. Let a cork be fitted 
tightly to the end of the tube beneath the piston, and into 
a hole in the cork pass a cigarette. Push the piston to tht> 
bottom of the tube, and then withdraw it slowly to aboat 
half the length of the tube. Upon lighting the cigarette, 
and completing the slow movement of the piston to the end 
of the tube, smoke will follow in a distinct stratum, and 
will remain unmixed with the air for some time. This slow 
movement, however, does not exist in a gas engine, and, 
moreover, the gas more readily follows the piston than in 
our experiment, and consequently a practically homc^eneous 
mixture is contained in the cylinder before ignition takes 
place. That there is no stratum of pure air next the piston 
of a gas ei^ine has been proved by igniting the charge at 
the forward end of the cylinder, instead of at the back of 
the clearance space. 

As the theory of stratification was proved to be a fallacy, 
there appeared no reason why the mechanical difficulties of 
the slide valve should not be overcome by the use of separate 
gas and air valves. By the use of mushroom valves leakage 
is entirety prevented, rendering it possible to compress up 
to about SOlb. or more per square inch before ignition, 
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whereas in the old slide engines a pressure of onl; 40 lb. wkh 
obtained. These valves are invariably held upon their seats 
by a gpiral spring, and lifted by levers actuated by cams on 
the lay shaft 

According to their latest designs, Messrs. Croasley i 
huilding engines with one cylinder indicftting up to 100 
horse power, fitted with one or two flywheels, according to 
the requirements. Engines indicating 250 horse power are I 
built with two cylinders placed opposite each other, their 
connecting rods working on the same crank pin. One 
specially heavy flywheel, supported by an extra bearing, is 
fitted to these ei^ines for electric lighting purposes. Figs. 
13 and 14 show the general ext-^mal appearance of these 
engines. Small vertical engines, indicating up to 8 horse i 
power, are built for various purposes. Those fitted with 
hoisting drums are geared to the latter by friction wheels, 
and an engine indicating 6 horse power may be calculated 
to lift 1,110 lb. at the rate of 60 ft. per minute, whereas a 3 
horse power ei^ne will lift 280 lb. at 80 ft. per minute. 
These figures depend to some extent upon the gearing used, 
and it is probable that under favourable circumstances both 
the weights and speeds might be increased, for it will be 
found from the above-quoted figures that the mechanical 
efficiency ia from 33 per cent to 53 per cent, a somewhat low 
estimated efficiency for a direct-driving motor. 

The ignition tube now used on the Crossley engines is a 
modified form of fig. 16. The central tube T is maintEuned 
at a bright red heat by means of a bunsen flame. A 
cylindrical cover K of non-conducting material serves to 
concentrate the heat The action when working is as follows : 
Daring the compression stroke the small valve £ closes upon 
the upper orifice by the upward movement of the lever L. 
The compressed mixture enters the cavity G. The moment 
ignition is required, the valve E descends by the pressure 
exerted by the spring S, when the lever L drops. The 
compressed gas then rushing into the tube T is ignited, and 
the flame strikes back into the cylinder. The valve E now 
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rises, and the bamt prodacts in thertnbe T eiope throngh 
the lover orifioe of the valve E. In this design a rather 
long ignition tsbe is required, to enanre the fresh inixtar« 
reaching the hottest part of the tnbe T, by forcing to its 
npper dosed end any of the bnmt products remaining in the 



Fio. 15.-Otto Tube Igniter. 

In 1893 Messra Crossley patented a self-starting arrange- 
ment for their gas engines, which consists essentially of a 
band pomp for forcing a charge into the cylinder when the 
crank is in a proper position for receiving an impnlae. 
The exhanst cam on the lay shaft is so constructed as to 
prevent excessive compression when starting. When a 
charge has been pnmped by hand into the cylinder, a timing 
valve is opened, and the charge fired by contact with the 



ignition tnb& When the engine baa acquired a consider- 
able momentum, the exhaust valve is made to close earlj, 
and BO give the required oompreaaion for continuous 
rnnning. 

The latest improvement in the Crosaley engines is said to 
be due to the introdnction of a scavei^ing arrangement, by 
which the ezhanat gases usually remtuning in the clearance 
space are drawn away at the end of the stroka The 
innovation is fully described in a paper read by Mr. J. 
Atkinson, M.I.Mech.E., before the Manchester Association 
of Engineers, from which the following description and 
illustrations have been derived. 

Beferring to fig. 16, which shows a diagrammatic view of 
the piston, cylinder, and path of tho crank, we may take the 




— DlU)|ram ol Atkliie 



point A as the position of the crank pin when the exhaust 
valve opens for the discharge of the products of combustion. 
In the ordinary Otto engine this valve would close at the 
point C, and at the same time the air admission valv<! 
would open. But in the engines now made with Messrs. 
Atkinson and Crossley's scavenging arrangement; the ex- 
haust valve remains open until the crank pin is at B, whilst 
the air admission valve opens at D. Thus, it will be noticed, 
both the air and exhaust valves are open during one-quarter 
of a revolution. When the exhaust valve first opens at A 
there is a pressure in the cylinder of about o5 lb. This is 
discharged into an aboormaUy long exhaust pipe, about 
C5 ft, through which it is driven by the returning piston. 
When the velocity of the piston approaches zero at the end 
of the instroke, this long column of exhaust gas, by virtue 
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of iti inertia, caases a alight vacaam to be formed in the 
combnation chamber. At this time the air valve is opened 
(Bee position marked D), and a draught of fresh air ie drawn 
through the combnstion chamber into the exhaust pipe, 
sweeping out all the remaining burnt prodncta and replacing 
them 'with fresh air. The exhaust valve closes at B, and 
the gas for the next charge may then enter through thu 
gas valve. 

The variation of pressure in the cylinder is dearly shown 
by the accompanying indicator diagram, fig. IT, taken with 
a I in. spring, in order to show only the effect of the long 
exhaust pipe. The top line of the diagram has no signi- 
Hcance, for the indicator piston is merely pressing upon a 
Btop provided. in order to prevent damage to the weak 
spring during the compression and explosion strokes. The 



Fio. IT.— DlBgram laksn witb Ith spring. 

pencil of the indicator leaves this horizontal line on the 
exhaust stroke of the engine, and the eiTect of the first 
puff of the exhaast is to set in motion a long column of gas, 
the inertia of which causes the slight vacuum shown at V. 
After this point the engine piston, travelling at its maximum 
letocity, causes a slight increase in the pressure, and the 
consequent acceleration of the gases in the exhaust pipe, 
which finally produces about 3^ lb. vacuum, when the air 
valve admits fresh air. The suction stroke is completed at 
from 1 lb. to 2 lb. below the atmospheric line. 

In order to assist the draught of air through the cylinder, 
the piston is specially shaped as shown in figs. 18 and 10. 
This drawing, together with tig. 20, also illustrates the usual 
style of mushroom valves used in nearly all modem gas 
engines. It will be noticed that no stuffing boxes are nsed, 



...X-oogk 



S OF GAS ENGINES. 



bnt that specially long, v«ll-fitted apintlles, Trorking in long 
sleeves, are anfficient to prevent escapes. The valve Bpinilles 
are always on the face subjected to the least pressure. Mr. 
Atkinson states that silencers and quietening chambers do 
not prevent the action of thti t^xhauat, provided they are 




placed at the end of a 65 ft. length of exhaust pipe of 
uniform diameter. No sadden enlargements are permissible 
within about 65 ft. of the engine, although drain pockets 
may be inserted for the collection of condensed moistnre. 

TBE "STOCKPORT" GAS IHOINBS. 

The Stockport gas ei^ine is manufactured by Messrs. J. 
v.. H. Andrew and Co. Limited, Reddish, and works upon 
the Otto cycle. This firm commenced the manufacture of 
the "Bisschop" engine — a small motor not much used at 
the present — in 1878, and from that time have built over 
7,000 motors of the Bisschop and Stockport desictn. The 
latest Stockport is a horizontal engine, the general features 
of which may he bphu from the engraving (fig, 21). 
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The following table, sapplied by the makers, is of use in 
the arrangement of detaila external to the engine itself : — 
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The oonstractioQ of the Stockport gas aigine now built, 
may be followed by an examination of the accompanying 



-■■ Stockport " Qua Englue 



drswingB. Fig. 22 sbowa a section tbrongb tbe back of the 
cylinder, with the gas and air valves. It wilt be noticed 



that the back of the cylinder is cast separately from the 
remainder of the cylinder and engine framing ; and further 
(see fig. 2fi) that the metal forming the back of the -water 
jacket ia specially thin. By this arrangement the casting 
and. boring of the cylinder is much facilitated, and in the 
event of froet getting to the jacket, when full of water. 



Fio. SS.~"Stackpart" nu Bnglne— SectJoo of TlmlDg Vulve Bnicktt 

fracture due to the formation of ice will occnr ooly at the 
thin wall of the jacket. This is easily and cheaply replaced, 
whereas if fracture occurred in the forward end of the 
cylinder, a large and expensive casting won Id be ruined. 

In fig. 22 the supply of gas ia coupled to the mouth of 
the pipe shown downwards. In this pipe is a wing throttle 
valve actuated by a lever from the governor. The gaa 
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passes through the maBhroom valve, when the Utter is 
\ifted by a cam, and passes into a chamber beneath the air 
ralva Here it mixes with the air, as both are drawn into 
the cylinder through the upper mnahroom valve. This 
valve is lifted by a cam shown in fig. 24, and closes by its 
own weight, assisted by the spiral spring upon the spindle. 
When the mixtnre is compressed by the retam stroke of 
the piston, it is forced up to the face of the timing valve 
shown in the end sectional view, also in detail in fig. 23. 
At the end of the stroke the timing valve F is pushed from 



Fio. J4.-"Stocliport" Oai Eniflne— Soctlonul End KIciHtlnn. 

its seat by the lever D, and the gas entering the red-hot 
tube G is exploded. The timing valve may be adjusted by 
the set screw on the end of the lever D. If the explosion 
occurs too early, the set screw should be slightly withdrawn, 
if too late it should be slightly screwed forward and locked 
by the nut for that purpose. 

"iThe ignition tube G has an int«nial tube of smaller 
diameter enteriog its lower end. This affords an annular 
space communicating with the valve A. This valve, when 
down upon its seat, permits the escape of the gas in the tube 
after explosion, through a groove cut in the seating. This 
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renders the tabe more certain in its action, for it is obvionit 
that if the bnmt products n'ere pent np in the tube at a high 
pressare, the fresh mixture to be exploded wonld not enter, 
and would therefore not ignite. Messrs. Andrews make 
their ignition tubes of a Bpecial alloy o£ silver, vhich they 
maintain 'will resist the corrosive action of the explosive 
^ases at high temperatures. The valve A, fig. 23, is of special 
use to assist the self etarting of the engine Thia is done in 
the following way. The engine is barred round until the 
tonnecting rod is on the top throw and about at right angles 
to the crank. The best poBition for starting is governed 
to a great extent, by the nature and quality of gas used, but 



FiQ. 2S.-" Slock i«rt" Oa« EnglnB-Sec«on of Cylinder End. 

a few trials will enable the attendant to secure the best 
position for a given case. The exhaust valve lever is geared 
to the starting cam to prevent excessive compression at 
«tnrting. After taking the precaution to admit gas gradu- 
al I y to the gas bags and to have the ignition tube at a bright 
red heat, the valve 0, fig. 23, may be opened by raising the 
weighted lever B into a vertical position. The timing 
valve F will be open with the crank in the position for 
starting ; consequently if gag is admitted to the cylinder by 
means of a special starter pipe, it will find its way, together 
with displaced air, through the valve F, up into the ignition 
tube, downwards as indicated by the arrows, and oat at A 
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This Btream of tat and gas continnes antil the mJxtard 
becomes rich enough in gas to explode. The engine will 
then start, and receive its next charge o! gas through the 
main gas valve sapplying the engina The exhanst lever 
bowl is pnt to ran apon the ordinary working cam ; thn 
valve A is closed by the action of the weighted lever B 
pressing the inclined plane at C. It will be noticed that if. 




Pio. 3S.— "SWckporl" au F.in(lno-Q( 



in attempting to start, the gas enters the cylinder very 
rapidly, it may displace all the air first and not be sufficiently 
diflused to effect combustion when it passes into the hot 
tube. For this reason the gas is not tnrned fully on to the 
Kas bags, so that it may have time to diffuse somewhat witb 
the air in the cylinder before passing into the ignition tube. 
Immediately after the first impulse the gaa should be fully 
turned on. 
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The engine is governed bf fint throttling the gas in tlie 
inlet pipe vhen the goyemor rises. Should the speed 
increase after throttling has token place, the Rovenior, still 
rising, brings the throttle- valve lever, fig. 22, in contact 
with the bell-crank lever actaating the gas-valve spindle, 
and so cuts off entirely the gaa snppi j. The most recently 
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designed governor used upon the Stockport engine is of the 
liorisontal type, shown in figs. 26-27. A cam on the lay 
shaft drives the gas-valve lever K At the end of E is a 
bell-crank levor, held in the position shown by the spiral 
spring. The rod N, actuated by the governor, terminates 
iu R fork, which when moved sideways (see £g. 27) engngps 
the end of the bell-crank lever, overcomes the tension of the 



spiral spring, so that «hen tbe tripper bUde rises it miaaea 
the notch under A on the gaB-Talve apindle, thus cutting 
out entirely the gas supply. The range of action of the 
throttle valve depends to some extent upon the width of 
the fork on the lever N, and when its limit is reached 
the gas is entirely cut off. The speed of the engine is raised 




Fia. 2a.— "Sbicliport'OM Englna— irrmgoinent of ■ 






by compressing the spring on the governor spindle by 
means of two adjusting lock nuts. 

The peculiar and sudden action of cam-driven levers 
renders it possible to entirely out out the gas supply, when 
the speed increases, by e. simpler mechanism than that just 
described. Fig. 28 shows a form of simple vibrating 
{governor, which is fitted to the smaller engines of Stockport 
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desiKo. The valve lever carricB a vertical spindle S. Upon 
this spindle a cast-iron weight slides freely, but is supported 
hy a spiral spring, the height of which may be adjusted by 
the two lock nuts shown. If the speed of the engine 
increases beyond the limit, the inertia of the we^ht upon 



Fia. SB.—Uaacn/p Recorder Dlagraoi. 

the spindle S overcomes and compresses the spring support- 
ing it This in effect rotates the bell-crank lever slightly 
in a clock-wise direction, cansing the tripper blade to niis» 
the notch on the gas-valve spindl& 
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CHAPTER IV. 

THE "griffin" engine. 

Tbia engine has already been mentioned, and the cycle has 
been explained in the text relating to Gg. 12. The OrifiGn 
engine is maanfactared by Messrs. Dick, Eetr, and Co., of 
Kilmarnock, and since its introdaction has been mnob 
simplified, and has had a considerable sale in England. 
Amongst other special features of the engine, the steadiness 
of running under varying loads ia noteworthy. Fig. 29 is 
a Moacrop recorder diagram taken from a double-acting 
«nginB with sit^le cylinder, developing TO horse power ou 
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A. Singlc-ncting englDii. B: Double-actlDg anglnM. 

the brake, and fitted with a special electric lighting 
governor. The distance between the horizontal lines 
represents a variation in speed of & per cent, and th(^ 
distance between the vertical lines is traversed by the paper 
in five minutes. The trial lasted 1| hours, and the loadri 
were varied between full load and one-third load, with a 
variation in apeed of about 2i per cent The following 
<liagraTn, fig.. 30, supplied to the author by the makers. 
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sLowB the impnlaea given to th« pistons of various types of 
«ngmes runniDg at full, three-quarter, and halE power. It 
«ili ba noticed here that the Kilmarnock engine, mnni&g 
at half load, has twice as many impulses as the ordinary 
Otto engine running at fall load, and 3^ times as many at 
half load. All the engines constructed by Messrs. Dick, 
Kerr, and Co. larger than 12 brake horse power are doable 
-acting. The double-acting six-cycle engines, having two 
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idle strokes, for scavenging purposes, are termed the 
"Griffin" motor, and the double-acting engines, dispensing 
with the idle strokes, are called the "Kilmarnock." In the 
latter type the turning effort exerted upon the crank pin is 
more regular, though, according to accepted theory, somn 
loss in efficiency may be occasioned by the presence of 
burnt gaaea in the cylinder of this latter type. 
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The details of a double-Acting engine will be uBderatood 
on reference to fig. 31. This ia an illastratlon of a recent 
design of Grifiin engine. The engine ie of the horizontal 
pattern, with balance weights on the crank webs. The aide 
hliaf t ia driven by a 3 to 1 worm gearing on the crank ahafl'^ 
shown in fig. 32. The cylinder iB closed at both ends, and 
is consequently kept free from the grinding action of dnstr 
which in some factories may have a very serious efiect upon 
an open-ended cylinder. The cylinder is water jacketed, 
together with the piston-rod gland. From the one aide 
shaft all the valves and governor are driven. The two 
ezhanst ports are shown at E E, and are operated by cams, 
acting on levers passing under the cylinder, lifting plain 
mushroom valves. On the opposite side of the cylinder are 
placed the governor gear, distribution valves, and igniting 
etidea At / in fig. 32 the exterior of the gas-valve boxes 
are shown. After passing through the valves at/, the ga» 
meets air drawn up through the bed, as indicated by the 
arrows in fig. 31. Mixing with the air, it now paasfs 
through the inlet valve 11 into the cylinder, the valve II 
closes, and the charge is compressed in the comfauation 
chamber and the space above the valve R. 

The ignition slide I is now opened by the eccentric A, 
and makes communicatioa between the flame in C and the 
compressed mixture. The governor controls the gas sapply 
by throttling its passage through the valves in/and/until 
the gas is entirely cut ofC Referring only to the back end 
of the cylinder, the sequence of operations is as follows : 
The gas valve / ia opened by its cam, and gas, mixing with 
air, passes through R into the cylinder, R closes, and the 
charge ia compressed on the return stroke of the piston. 
Ignition takes place, driving the piston forward. The 
exhaust opens, and the products of comboation are expelled. 
The exhaust valve £ closes and R ia opened, but as the gas 
valve f remains closed, air only is drawn into the cylinder- 
This in turn ia expelled through the exhaust port E, and 
the cycle being completed, a fresh charge is again drawn 
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into ths cylinder. Precisely the same action takes place in 
the front end of the cylinder, thus giving two impulses to 
the piston every six strokes. 

Fig. 33 shows an outside view of ths Kilmsrnook 
engine, the details of the valves and igniting arrangements 
being somewhat revised. A timing valve, of the mnsh 
room pattern, is substituted for the slide, and a hot 
tnbe is substituted for the flame shown in the previom 
illustrations. 

Fig. 34 is an illoetratioa of a recent design of engines as 
supplied to the Corporation of Belfast for the generation of 
electricity for lighting purposes. Four of these engine 
each indicating ISO horse power, are driving four 60 
kilowatt dynamos, and two smaller engines, having single 
instead of tandem cylinders, are driving two 26 kilowatt 
dynamos. The efficiency of the engines and dynamos 
combined proved to be 76 per cent, and the gas consnmptioa 
per electrical horse power was less than 24 cubic feet. This 
value might be somewhat reduced if rich ooal gas were 
used, instead of, as in the present instance, the gas being 
composed of coal gas and enriched water gas. The tandem 
design has been adopted by Messrs. Dick, Kerr, and Co. 
because of its narrow width, and consequent economy of 
space. The increase in length, consequent upon the 
position of the tandem cylinder, is utilised by placing the 
cylinders between the dynamo and the engine crank shaft — 
an arrangement advocated upon a previous page. Each 
dynamo is driven by eight J in ropes, and for this reason it 
is essential to run the engine contra-clockwise, in order 
that the tight side of ropes shall be at the bottom. This 
precaution, as has been already pointed out, is not essential 
with a belt drive, but when ropes are used there is a danger 
of them leaving the grooves if not kept tight at the bottom. 
Each engine is fitted with a flywheel on the opposite end 
of the shaft occupied by the rope-driving pulley. 

In this design of engine there is an esplosion every 
stroke, but no scavenging strokes are made. In the front 
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and back of each cylinder a complete Otto cjcle is carried 
out once in two rerolatioiiB in the folloTing order : FirBt. 
the cha^^e in the back end of the back ojliuder is fired ; 
second, that in the front end of the forward cylinder ; third> 
that in the back end of the forward cylinder ; and lastly, 
the charge is fired in the front end of the back cylinder. 
The governing is carried oat by a special electric light 
governor, reducing the quantity of gas supplied to each of 
the cylinders. This method is found preferable to one in 
vhich the gaa supply is entirely cat out. At Belfast the 
starting of the engine is effected by utilising electric 
energy stored in the batteries, by sending a current through 
the dynamos, converting them for the time being into 
motors, and so driving the gas engines, nntil a charge is 
drawn into the cylinder and ignited. 

The exhaust pipe of each engine commnnicates with a 
main exhaust pipe, to which a silencer is fitted, but it is 
found that there is less probability of noise when two or 
more engines are working than when only one is ex- 
hausting, for the fiow of exbanst gas is then more 
regular, and does not cause that coughing noise often so 
objectionable. 

Besides ;i large circulating tank for supplying the water 
jackets, provision is made for admitting water from the town 
mains direct to the jacket ; and as a still further precaution, 
each engine is provided with a circulating pump for driving 
water through the jacket. 

At Coatbridge,* near Glasgow, Messrs. Dick, Kerr, and Co. 
have supplied engines for driving the electric light, worked 
by producer gas. In this installation each engine has two 
cylinders placed side by side instead of tandem. The starting 
of the engines is effected by utilising the pressure in the 
steam boiler used in connection with the gas-prodacing plant, 
about which more will be written. A special valve is fitted 
to the back of one cylinder of the engine, and is operated 

* Since Uu publication of the flnt eiitiaa ot thli baalc, these eoKiaes Lavs 
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entirely by a hand lerer. A steam pipe ia connected to each 
of these TBlveB, and steam enters the cylinder vhen the 
operator opens the starting valve. The operator, performing 
the work of the eccentric on a steam engine, opens and closes 
the starting valve until the engine has acqnired a momentum 
■nfficiently great to draw into the cylinder, and compress, a 
chaise. Ignition then takes place. The largest gas engine 
made by this firm indicates over 700 horse power, and is 
specially interesting, inasmuch as it is constructed npon a 
oomponnd principle. The engine somewhat resembles a large 
triple-expansion horizontal steam engine, and has two 10 ft. 
diameter by 14in. face flywheels. Two Zlin. diameter by 
30 in. stroke cylinders are placed one on each side a 32 in. 
diameter cylinder having a 3C in. stroka One of the high- 
prrssare cylinders only exhaasta into the central cylinder, 
the other being kept separate for starting the ei^tue by the 
kpplication of steam preaaure, as above described. 



THE TANQYE ENGINE 

Mbsbbs. Tanqye's gELS engines work upon the Otto cycle, 
bnt improvements have been made in the igniting and 
governing gear, and in a self -starting arrangement. Fig, 35 
shows an outside view of an engine which will give a 
maximnm indicated horse power of 115, Messrs. Tongye 
oonstract single-cylinder engines, indicating ^ H.F. to 
160 H.P., all of which work with either town or other gases 
made by their own producer plant. The combustion 
chamber is specially formed to prevent shock to the 
working parts during explosion, and also assists in making 
the charge more homogeneous. Messrs. Tangye claim that 
these improvements render their engines specially useful 
for electric lighting, a large number having already been 
made for that purpose. It is stated thal^ working with gaa 
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ooBting 2a. 6d. per 1,(00 onbia feet, a 30 H.P. engine -will 
prodaoe 1 kilowatt tot each penny expended, which works 
ont to about 2 oubia feet of gas per 10 candle power lamp. 
The weight of anthracite coal nsed in the prodncera for 
mnnii^ an engine of about 70 brake horae power is said to 
be leu than 1 lb. per B.H.P. per hour. 

The lai^ engines are now started with a new and very 
powerful starter, which is capable of starting the engine 
against half its working load. A charge of gas and air is 
pumped by hand into a detached receiver, there being an 
Bxo IB of gas present, thus rendering the charge inezploaive 
in the receiver. The engine is barred round into the 
poaition for the oommencement of a forward stroke. The 
ehai^ in the receiver is pumped up to a pressure of about 
401b. per square inoh. At this pressure commnnication ia 
made with the working cylinder, and the charge enters the 
combustion chamber, and by mixing with the air present in 
the combustion chamber forms a strong explosive mixture. 
This, however, ia at first prevented from igniting by the 
closed ignition valve being tightly held upon its seat by a 
lever operated by a cam upon the side shaft. Under the 
initial pressure of the gas entering the combustion chamber 
the piston moves forward ; the cam then releases the 
ignition valve, and explosion takes place. 

By setting the engine in motion before igniting the 
charge, excessive stress upon the working parts ia greatly 
avoided. Fig. 3G is a drawing of the self-starter patented 
by Sfr. C. W. Pinkney, to whom many other improve- 
ments in Messrs. Tangye's gas engines are due. In the 
drawing, the ignition tube I and starting pump are shown 
tc^ether ; this arrangement is, of course, subjected to 
modifications necessary in special cases. The valves a and b 
are the suction and delivery valves respectively of the 
starting pump P. The valve a, shown separately, is con- 
tained in the same valve box as 6, and is in communication 
with the passage e. A gas pipe ia coupled to (r, and by the 
Email pott shown the gas mixes with the air drawn in 
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throngh the valve a. The gas port terminateB in an annnlar 
space, to facilitate the mixing with the air. The proportion 
of these valves is such as to admit a inixtnre of abont four 
volumes of air to one of gaa. This may be delivered to the 
receiver, as previously mentioned, or may be pumped 
directly into the combnstioii chamber. In the latter ctaa 
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the handwheel h controls admission to the ignition tabe, 
and the engine is arranged to fire only when the baud 
wheel is tamed. The valve e ia held ap to its seating by a 
spiral sprite beneath it^ and the spring is adjoated so tha£ 
tiie valve e may open when the desired pressure in the 
pnmp and combustion chamber, or receiver, has been 
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acqnired, thos giving an indication that the miztore is 
rnady for firing. In connection with thia starter, Mr. 
I'iiikner has patented an arrangement for preventing the 
movement of the engine piston when the pressnre of the 
hand pump is first felt in the combustion chamber ; for it is 
obviooB that, vhen the hand pump delivers directly into 
the combustion chamber of a small engine, the crank will 
slowly move towards the forward dead centre, and be in 
that position when the charge is rpady for firing. To 
obviate this, a stnd upon the crank web engages with a 
sprii^ oatch of sufficient strength to hold the crank in its 
starting position until the greater pressure of the explosion 
causes its release. The bar, with its catch, then falls clear 
of the crank as it revolves. This gear is only suitable for 



Fio. ST BtarUng mnd Working Diagram Uiea from Tuig7«' Ou BngliMi 

small engines fitted with self-starters, larger engines being 
fitted with a special receiver to contain the charge until it 
is admitted to the combustion chamber by means of a valve 
operated by hand. 

An indicator diagram taken from an engine of thia latter 
type is shown in fig. 37. It is seen from this diagram that 
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the engine piston is standing in & position equal to one- 
ninth of its fonrard stroke before commnnication is made 
between the combustion chamber and the receiver. The 
presstiK immediately rises when the communioatiag valve 
is opened to abont tillb. per square inah. The diagram 
also shows that two-ninths of the forward stroke are 
completed before ^;nition takes place. The remainder of 
the fall-line diagram shows the explosion and expansion 
dnring the first revolution. The dotted diagram has been 
taken after the engine has acquired its proper working 
speed The latter shows a mazimnm pressure of 2001b. per 
square inch, and a compression pressure of 72 lb. per sqnare 
inch. 

Messrs. Tangje's engines have a speciallf hard metal 
liner fitted to the ojlinder, which can qoiokl; be replaced. 
Lnbrication is efiected by motion derived from the side 
shaft A ratchet wheel, shown on the Inbricator in the 
external view of these ei^ines, slowly revolves, and thereby 
raises a plnnger against the resistance of a strong spiral 
spring. Oil follows into the plnnger chamber, and is 
injected into the cylinder by the release of the plnnger from 
the top of its stroke. The worm wheels driving the side 
shaft are cut from solid metal, and mn in an oil bath, the 
casing of which can easily be removed for examination of 
the wheels. The governor is of the centrifugal high-speed 
type, and acts directly apon the gas snpply without 
throttling. 

THE FIELDIMO 0A9 EKQINZ. 

This engine is made by Messrs. Fielding and Piatt, of the 
Atlas Works, Gloucester, and is constructed upon the Otto 
cycle. Fig. S3 shows an outside view of the engine. The 
valves, which are of the plain mitre type, are driven in tho 
usual way from the crank shaft, by means of cams on a side 
shaft. The governor is of the ordinary high-speed type, and 
is driven from the side shaft by bevel wheels. Another 
typo of governor used on Messrs. Fielding and Piatt's earlier 
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engines was actuated by a cam on the side shaft In this 
case the governor conslBted of a simple dashpot and piston, 
the rod of which was connected to a lever working the gas 
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valve. If the apeed of the engine increased beyond that to 
which the daahpot was adjusted, then the cam left the 
piston at the top of its stroke, coming round into its lifting 
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position before the piston had time to descend ; conseqaently 
the gas valve was not opened. 
A featare in the governing of this tirm's electric lighting 
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engine is illustrated by the accompanying indicator dia- 
grams, figs. 39, 40, and 4L The governor is of the ball type, 
and regulates the gas and air snpply, so that even wttea 
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numiiag light an explosion ia never miased. This Arruige- 
mant, though possibly slightly incretuiog the consamption 
of gaa, andonbtediy condaoes to steady roiming under a 
flactoating load. It ia stated by Mesars. Fielding and Flatt 
that the variation in speed between light and fall load is 
abont 3} per cent The gas consamption in an engine of 
this type, of 100 B.H.P., is claimed to be under 20 oabic feet 
per boor per B.HJ*. 

MessiB. Fielding hare recently patented an efGoient system 
of starting their lai^er gas engines by the use of compressed 
air. When the engine Is aboat to be stopped after its first 
run the gas is tnmed off, and the piston and engine cylinder, 
by a slight altenttion in valves, is converted into an air 
compressor, which discharges into a reservoir until a pressare 
of about CO lb. is obtained. In this way the energy stored 
in the flywheels is atilised until the engine comes to rest. 
The charge of air thus obtained is sufficient to start from 
six to twelve times. The starting is efiected in the following 
way : The crank is barred just over the back dead centre, 
and gas is admitted by a hand gas tap to the combustion 
chamber. The displaced air is allowed to escape through an 
open cock until gas which will bum with a clear blue fiame 
b^ina to issue from the open cock. These cocks are now 
closed, and compressed air from the reservoir is admitted to 
the combustion chamber, forming a rich mixture. The 
igniting valve is now opened, and a powerful impulse is 
given to the piston. It is said that the engine will start by 
this means even against half the full load. 

THE "premier" gas ENGINE, 

The "Premier" gas engine, patented by Mr. J. H. Hamiltcin, 
n.Sc, is manufactured by Messrs. Wells Brothers, Sandtacre, 
near Nottingham. An external view is shown in Sg. 42, 
with modified valve gear. Its characteristic feature is the 
Bcavei^ing arrangement. Fig. 43 is a sectional view of the 
engine, and from it the working of the scavenging stroke 
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may easily be followed. There are two piston^ C and D, 
cast together with a cylindrical connection. The piaton O 
feceiveB tiie impulse doe to the explosion of the charge^ 
whilst the piaton D acta merely aa an air pomp. The 
exhanst ralve E is actuated by a lever driven by a cam on 
the aide shaft (see Sg. 44). The gas and air valves are driven 
by one lever, and are arranged, aa ahown, npon the same 
apindle. The gaa valve ia made an eaay fit upon the air- 
valve apindle, bat is held np to its seat by a spiral spring. 
0pon the ontstroke of the pistons, air is drawn through 
rubber or leather valves in the bed plate, shown at A. The 
chamber marked A has a free communication with the 
chamber marked B. When the air valve is depressed beyond 
the position shown in the drawing, the gas valve is opened 
by contact with the collar shown upon the apindle. The 
exhaust valve E being closed during the ontstroke of the 
pistons, air, mixing with the gas, enters the combustion 
chamber, as indicated by the arrows. When sufficient gas 
to form a chaise has entered, the ur-valve spindle slightly 
lifts, closes the gas supply, but still admits air to complete 
the charge. Upon the inatroke of the pistons, the charge 
is compressed in the combustion chamber to about 601b. per 
square inch ; at the same time the air entrapped between the 
two pistons becomes compressed to about 9 lb. per square 
inch. Thus the air valve has upon ita lower faoe a pressure 
of 60 lb. per square inch, and npon ita npi>er face 9 IK per 
aqnare inch ; the difference, 51 lb. per square inch, tends to 
keep the valve tight upon its seat In order to control 
the action ot the air valve, and to make its movement 
independent of the difference of pressure upon ita upper 
and lower faces, a strong spiral spring is attached to the 
lever L, fig. 44, tending always to force the air valve on ita 
seat The cam driving L gives the air valve a long and a 
■hort stroke alternately, the former for the admission of the 
charge, the latter for the admission of air only. 

When the charge is compressed it is fired by a timing 
valvf, and both pistons travel outwards. During this oat. 

" ~ ^■""8l^ 
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stroke the air already compreued by the larger piston D 
expands, aud givea back to tlie engine the enei^y stored in 
it by compression. At the end of the ontstroke the exhaust 
valve opens, and releases the pressare in the combustion 
lumber. It is evident that so long as the preasare in 
the tiombnation chamber daring the ezhanst stroke ia 
nearly atmoipheric^ the piston D will displace a volume o( 
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air and drive it through the combustion chamber into the 
csbaDst pipe. This efiVctually clears the combustion 
chamber of its burnt products, and this done, the exhaust 
oloaes, and the cycle ia repeated. The indicator diagram 
shoTu in fig. 4B has been taken from the working cylinder, 
whilst the diagram shown in fig. 46 has been taken from 
the pninping cylinder. Following the direction of the 
arrows on fig. 16, it will be seen that little or no work is 
lost in compresBinK the entrapped air in the chamber B, for 
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th« air-expanaiou curve nearly coincideH 'with the compreo- 
BioQ onrve. At the commencement of the exhaoBt stroke the 
pumping piston raises the air pressure, the air valve opens, 
and air is forced into the combustion chamber agaitut the 
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preuure of ths exhimt. Thia-point is shown on the diagram 
at P ; the area P A S E of this diagram gives the work done 
by the pump in retarding the motion of the engine ; and the 
net indicated horse power ia found by subtracting from the 
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I.H.P. of the working cylmder the laP. of the pumping 
cylinder. It must be remembered that the area PASE of 
the pumping diagram occurs only at every alternate revolu- 
tion ; consequently, in obtaining the H-P. the revolutions 
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per minate must be divided by 2. It must alao be noted 
that the effective area of the piston D, fig. 43, is not its 
whole area, bnt only that which remains after snbtntoting 
from it the area of the piston C 

In engines of this type it ia extremely important, from 
the makers' point of view, to have a free exhaust pipe, for 
cases are not unknown in which the undue throttling of the 
exhaust pipes has so raised the back pressure as to cause 
the burnt products to enter the chamber B as soon as the 
air valve opens, thus entirely preventing the scavenging 
action. It is, for another reason, highly important to keep 
ihe exhaust pressure low, for the area of the pumping 
diagram depends upon it, and represents lost work. 

This engine is started by means of a band pump in the 
following way : The bowl on the exhaust lever is made to 
engagewith a projection on its cam, so that the compression 
of the charge may be relieved. The engine is then barred 
round until the crank has turned through about 45 deg. 
of its forward working stroke. It is very important thai 
the engine should start from such a position that all the 
valves are ready for the impulse, for it is obvious that by 
careless haodiii^ the engine might be started from the 
position corresponding to the suction stroke. In the latter 
case the exhaust valve would not open at the end of the 
stroke, and the burnt products would enter the chamber B, 
and probably damage the valves at X. When the engine is 
in the correct position, the timing valve is closed by a short 
lever inserted by hand Qas is then turned to the hand- 
pomp suction vaJve, and two or three strokes taken with 
the lever H. The gas supply to the pump is then turned 
ofl, and the main gas cock to the engine opened. The hand- 
pump lever is again worked, and the pump delivers air to 
the combustion chamber. Aa soon as the engine piston 
commences to move forward under the pressure of the 
charge, the taming valve is released by hand, the charge 
enten the ignition tube, and a strong forward impulse is 
given. When the engine has acquired some momentum. 
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the exhaost bowl is pat into its vorking position, and gives 
the correct compressioii to the ch^^es. The relative number 
of strokes of the hand pnmp when drawing gas and air 
respectivelf must be determined for each case by trial, as 
the quality of gas varies considerably. 

The governing of the engine is effected by the movement 
of the rod M, tig.' 44, actuated by an ordinary high-speed 
centrifagal governor. When M is moved to the right ita 
knife edge acts upon the gas lever L at a greater distance 
from its fulcrum ; consequently the gas valve is not folly 



Fio. 17.— End Vtew of " Forward" Otto On- EngiM. 

opened. It is merely a matter of arrangement whether the 
gBS supply be entirely cut off or gradually decreased. In 
fig. 44, the lever M would tirst throttle the gas supply, and 
after a further increase in speed cut it o& entirely. 

The ignition tubes supplied by this firm are made in 
nickel, aad will stand continuous use for several months. 

The "Forward" gas engine is manufactured by Messrs 
T. B. Barker and Co., of Birmingham. Fig. 47 shows a 
sectional elevation and end view of this engine. The 
cylinder is 10 in. diameter by 20 in. stroke, and running 
at a speed of 180 revolutions per minute the engine 
will develop about 25 LH.P., and nbont 20 on the brake. 
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An importaat feature in this design ia the redaction 
of port surface to a tninimam. It will be noticed that the 
air and exhaust valves A and E, fi^. 48, are placed aa near the 
combustion chamber as possible. They are fitted to separate 
seatings, as shown at A and E. The gaa is admitted by the 
valve 0, Ijg. 48, and mingles with the air on its way to the 
valve A. The spring S is connected to a bar, one end of 
which rests upon the crossbar C, and the other upon the 
levers driving the valves. By this arrangement one spring 
suffices. Itlessrs. Barker and Co. do not use an ignition 
valve, but rely entirely upon the compression of the charge 
into the ignition tube for the correct timing of the 
explosion. The cylinder is formed by a liner of special 
cylinder metal, having an asbestos joint where it is attached 
to the combustion chamber. This to some extent pre- 
vents the conduction of heat from the combustion chamber 
to the fore end of the cylinder. The joint at the front end 
at the cylinder is made with indiarubber, and the liner ia 
free to expand in the direction of its length as it becomes 
heated. As the function of this joint is merely to retain 
the jacket water, there is no necessity for an exceedingly 
tight fit. The crank shaft is of forged Siemens-Martin 
steel, and is fitted with phosphor-bronze bearings, the 
mean pressure upon the bearings being 100 IK per square 
inch during the working stroke. The crank-pin pressure 
allowed is about 370 lb. per square inch, whilst the piston 
Din carries a mean pressure of 630 lb. per square inch. 

These figures are worked out on the mean effective 
pressure given by the indicator diagram during a working 
stroka The piston is packed with three cast-iron rings 
9 in. wide, having a baffle groove J in. wide cut in each 
ring, dividing the bearing surfaces into two bands, each 
I in. wide. The pressure exerted upon the walls of the 
cylinder amounts to about 5 lb. per square inch of surface. 
The piston speed of this engine running at 180 revolutions 
is nearly 600 ft. per minute, and the velocity of the inlet 
and outlet through the valves is about 100 ft. oer second. 
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The following fignrea are quoted from a trial of a " Forward " 
eogine of 30 B.H.P., conducted by Measrs. Morrison And 
Lancheater for the City of Birmingham Gas Dept in 1894, 
When running with no load, the ratio of air to gas by volume 
waa 145 to 1 ; when running with full load, the ratio was 9 9 
air to 1 volume of gaa. In the latter case the products of 
combustion were not swept out as the engine fired every 
cycle ; consequently the volume of air plus products to that 
of the gas was II to 1. The gas consumption in cubic feet 
per hour per LH P. was 1775, and per B.H.P. 2105 cubic 
feet. To this should be added a total of 625 cubic feet per 
konr used by the burner for heating the ignition tube. The 
lucchantcal efficiency worked out to 84 per cent, and the 
thermal efficiency calculated on the I.H.P. was 222 per cent, 
and IS'6 when calculated on the B.H.F. The engine was 
governed when running light by cutting out the gas 
supply. 

THE "GARDNER" OAS BNGISK. 

The "Gardner" gas engine is made by Messrs. L. Gardner 
and Sons, of Barton Hall Engine Works, Patricroft. The 
engine differs from most gas engines in that the gas, air and 
exhaust valves are actuated by means of eccentrics instead 
of by cam driven levers, worked from a side shaft. The 
engine works upon the Beau de Rocbaa cycle. The eccen- 
trics E, fig. 49, are driven from the crank shaft by means of 
spur and pinion gear, the spur wheel being twice the diameter 
<if the pinion on the shaft. The air and gas valves are placed 
side by side (see fig. 50) and are operated by means of the 
same eccentric through a mechanism which admits of the gas 
being cut out when the speed is raised beyond the normal. 
In order to efi'ect this the stud S, fig. 61, carries a rocking 
link L driven by the eccentric, the upper end of which ia 
forked. That portion of the forked end which operates the 
air valve (see A, fig. 49) is carried upwards in line with the 
bwer portion of the link to the air valve spindle, and when 
moved forward by the eccentric, opens the air valve. That 
portion of the fork operating the gas valve ia bent away from 
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the valve apindle and terminateB vith a stud D carrying the- 
tri|^;er T. This trigger rests upon the atop pin P when 
drawn away from the gas valve spindle, but on being pushed 
forward, the trigger heel engages with a kicking stud Kr 
which brings the trigger into a horizontal position, thos 
causing the trigger blade to engage with the gas valve 
spindle and open it the required amount. If the speed of 
the engine should increase beyond that for which the 
mechanism is set, the blade would be kicked above the gas 
valve spindle and so fail to actaatn it The speed at which 
this takes place may be regulated by altering the tension of 




the torsion spring acting oq the trigger. A readjustment of 
speed may be efieoted while the engine is running. The 
action of these parts will be understood from the drawings. 
The engines are made in sizes ranging from ^ U.F. to 

20 ap. 

The foUowing figuies have been sent to us by Messrs. 
Qardner and Sons ;— 
No. 1 Engine— 1^ Maximum Brake Horse Power, 

Cylinder diameter 3 J inches. 

Piston Stroke 5 inches. 

Bevolations 350 per minute. 

Average Piston Speed 29 15 ft. per minute. 

Qas Consumption (including \ 30 cubic feet per 

iKnition burner) / BKP. hoar. 

Gas Consumption of larger engines 1 19 cubic feet per 
(including ignition burners) ... / B.H.P. hour. 
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In an engine of the size above-mentioned the ignition 
bnmer necessarily cooaameB a considerable proportioa of 
the whole volume of gas. 

TIIB " "WBSTINOHOOSE " 048 ENGINE. 

The British Westinghouse Electric and Manufactaring 
Conjpany Limited has recently introdnced a gas engine, 
which has aome special featares in design rendering it an 
t flective and economical engine. We have formerly advo- 
cated the advantage of regalating not only the enpply of 
Kas by means of the governor gear, but alao the simol- 
taneou^ regulation of the air. This method of regulation 
has betn aimed at by other makers, bat we think that the 
mechanical details of the " Westinghouee " engine gi?e 
• tiect to this method of governing in a way which has not 
yet been equalled or excelled. 

By means of the series of photographs, kindly placed at 
oar dbposai by the makers, the general appearance of the 
engines will be anderstood. It will be seen that the design 
differs from that uaaally adopted in gas engines, in that the 
cylinders are vertical and follow the pattern of the " West- 
inghouse" stpam engine rather than the u^ual form of gas 
engine. The Beau de Rochas cycle is used in each cylinder, 
but as the larger engines are bnilt with two and sometimes 
three cylinders, impulaea are given every revolution or 
every two-tbirds of a revolution as the case may be. 
Keferring to the details depicted in fig. 52, the cam shaft A 
is driven from the main shaft by the usual two to one gearing, 
and a cam upon it operates the lever G, which acts upon the 
stem of the exhaust valve E. Motion is transmitted from the 
shaft A to the shaft B, which latter also carries a cam for 
opening the inlet valve J by means of the lever C. The 
relative proportion of air to gas may be fixed by the atten- 
dant in a manner about to be described, bat when once this 
is determined the engine continues to govern itself by 
increasing or diminishing the (oial vdume of the mixture 
admitted to the cylinder, the quality being always the same. 
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The ignitions of the ohftrgeq are i:ffected electrically by 
me&na of the sparker F. This has two pairs of sparking 
points, one pair being reserved for emergency. Should the 
sparker in action soddunly faiJ, the other pair may be at once 
switched in. The time at which the spark crosses is deter- 
mined by means of the plunger piece D being moved forward 



by a cam on the shaft B. The current is supplied from an 
induction coil, and its direction of flow is easily reversible. 
In fact at each stop and start of the engine, the direction of 
the flow is automatically reversed by the action of switching 
oflT and on the coils. The object of this arrangement is to 
obviate the waste which necessarily takes place at the pou.- 

„ , Coogk- 
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tive pole of the ipftrker by the abrHioii of im&U particles of 
metftl from the positive pole amd by their deposit on the 
negative pola This frequent revenal is said to preserve the 
aparker. Other points in design sre worthy of notice — thasi 
for inatuice, the adjostment for the cnmk shaft bearings it 
efieoted by means of wedges placed beneath the brasMS, thus 
taking np the downward wear and keeping the shaft 
alignment and cylinder clearance constant. Again, the 
closed oil chamber at the base of the engine serves to lubri- 
cate the piston and other working parts by the splash of oil 
from the conneoting rod. 



Fig. 53 shows the constmction of the governor gear. Gas 
enters the annular space Q and is drawn through the slot A 
on its way to the mixing chamber C The annular space D 
is in communication with the outer air, and the two slots 
aflord an inlet to the air on its way to the mixing chamber C. 
The slots for the admisraon ot the air and gas are simultane- 
onaly opened or closed by the governor B— thus tar any 
given volume of charge^ the relative proportions of air to 
, gas are always the sama It might, however, be desired to 
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change the proportion of air to gaa- It should be remem- 
bered that a mixture of about ten volumea of air to one of 
gaa is, when coal gas is being used, the most economical 
charga If the engine were unavoidably to become over- 
loaded for a short period of time it would be necesaary, in 
order that the speed might be maintained, to increase the 
proportion of gas. Thie can be done in the "Weatiughouae" 



engine bj moving the handles H, H so ag to increase or 
diminish the length of the slots A. It will be seen that the 
movement of the governor affects the width of the slota 
through which the air and gas pass, while the length is 
independently moved by means of the handles. An outside 
view of this governor arranged for a two-oylinder engine is 
fchownin fig. 54. 
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For the large sizes of engines a self-atarter ia provided. 
This consists of a compressed air ohamber filled to ■ preastire 
of 160 lbs. per Bqnare incb, by means of as air pnmp driven 
by band or belt bb and when desired. In order to start the 
engine, the ordinary exhaust cam is put oat of aotion and a 
■npplementary cam brought into gear with the exhaust 
8tem,"whioh thereby lifts the exhaust valve at each npstroke 
of the engine piston. The inlet valve J, fig. 52, is cloeed and 
put ont of aotion and a valve opened between the compreased 



air cylinder and the engina Compressed air is admitted to 
the engine cylinder through the controlling valve shown in 
fig. 5§. The large engines manufactured by the Weating- 
bonse Company are bnilt with two or three cylinders and in 
snch cases one of the cylinders is used as an air motor for 
starting, while the other cylinders are drawing in their 
chaises of gas and air. When a few ignitions have taken 
place, the compressed air is tnmed ofi and the last cylinder 
put into action for receiving its charge of gas. These 
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engioea are now being bnilt in lizes rftnging from 10 to 
650 H.P. The companj are now conatrncting the largest 
gas engines on record, natnelr, tvo three-cylinder eDgines of 
1,000 brake horse power each. 

Its external appearance U some vhat similar to the standard 
t7pes of high speed steam engines now on the market, whilst 
internally there are points of resemblance. The general 
design of the connecting (fig. 56) follows along approved 
lines, means of adjnstment for wear of the little end bnuses 
is provided, whilst the big end brasses are of the type osoally 
found in marine engine practice. The end bearings of the 
crank-shaft are shown in fig. 67, and they form part of the 
end covers of the crank chamber, similar to those fonnd in 
the earlier patterns of the Willan's steam engine. The 
means of adjosting the brasses by wedges will be easily 
understood after examining the figure, whilst the trae align- 
ment of the bearing is assured by the machined flaoge. The 
crank shaft (fig. 58) is fitted with balance weights ; the 
method of attachment by bolts is clearly shown. 



CHAPTER VL 
Self-stabters, 
The Forward engine is fitted with Lanchester'a patent self- 
starting gear, the application of which ia shown in the 
ioUowing drawing. Fig. 60 shows a general view of the 
arrangement fitted to the engioa Gas enters the combnii- 
tion chamber from a i in. branch throngh the valve A. The 
stream of gas and air passes out of the cylinder through 
the cock C and ignites, when rich enough in gas, at the 
naked flame shown at F. The mixture bums at the orifice, 
at first with a pale blue fiame, which becomes deeper in 
colour as it becomes richer. When the fiame bums with a 
roaring noise the valve A should be closed. The flame at 
the orifice will now strike back into tiie cylinder and igait« 
the entiro volume of the mixtnre in the combustion chamber. 
The action of this starter depends entirely upon the size of 
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the outlet through the cock, for if this ontlet were largo 
in diameter the velocity of the gaa wonld be leaa than 
the velocity of flame propagation ; consequently, imme- 
diately the gaa ignited at the orillcf, the flame woald strike 
back nod ignite the mixture in the cylinder before it waa 
rich enongh to give a starting impulse to the piston. This 
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is prevented by the contracted area of the ontlet nozzle, 
cansii^ the gaseous mixture to flow rapidly from the orifice. 
Thb is, of course, the principle upon which all atmoapherio 
burners depend, and the slight report which is always heard 
when turning out an atmospheric gas stove, is due to the 
return of the flame along the pipes towards the stop cock 
at the moment the latter is turned off. 



SELF-STABTEKS. 



To prereut the escape of the pressure Ihroagh the cock 
from the engine cylinder, when the first ignition takes 
plaoe^ an automatic valve is placed inside the chamber in 
the cock C. This valve is shown at V, and rests upon its 
lower face, excepting when its weight is overcome by the 
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msh of an explosion. Grooves cut in this valve allow the 
passage of gas through the open cock so long as the valve 
remuns in its lowest position. Immediately the startii^ 
impulse is given this valve is projected upwards, sod as 
the grooves are not deep, the centre of the valve entirely 
closes the orifice, thns preventing the escape of the pressure. 
The cock C may now be turned o£ la using this starter 
the engine must al^ys be barred round to the commence- 
ment of^its working stroke, otherwise serious damage may 
be done to the gas bags and other 6tting8. 
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A self-starter HimilBr in prindple to that already 
described ia ahown in £g>. 61 and 62. This is known an 
Green's self-atarter. It difibrs from that already described 
in the oonstmcUon of the aatomatic Talve. Referring to 
tig. 6S, the passage marked 17 commanicates directly with 
the combostion chamber. The valve B is cylindrical, and 
holloved out to the pmnt C, but solid at the lower end. 
The holes 4i, 4, when the valve is in position for starting, 
form ■ passage for the gas and air, which rise to the orifice 
C, and ignite by the naked flame isaning from the gas 
burner E. When the miztnre issniog from the orifice C 
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bums with a dark blue flame, the gas snpply to the 
combustion chamber is shnt ofi*, the flame strikes hack 
through the passages 4, 18, 17, and ignites the charge in the 
oomhustion chamber. The pressure thus generated forces 
np the valve B, thereby closing the passages 4^, 4. The 
hand lever shown in fig. 61 is made of spring steel, and 
when in the position shown presses downwards upon the 
lever engaging with the automatic valve, thus effectually 
keeping it in its highest position, and preventing the escape 
of pressure from the combustion chamber when the engine 
is working. When the starter is in use, the hand lever is 
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drawn forward, and holds the aatomatic valve in the poaitioD 
shown in fig. 62, The advantages of this form of con- 
struction are that the aatomatic valve serves to throw the 
starter oat of uee, and being at the same time accessible 
from the outside, there is no inconvenience occaaioned by 
the valve sticking. 

The self-starters we have described ignite the mixture at 
atmospheric pressure; hence the impulse of the starting 
stroke is limited, and the maximum pressure in the cylinder 
will not usually exceed 801b. per square inch. In order to 
increase this pressure, Mr. Dugald Clerk was the first to 
apply the apparatus shown diagram matically in fig. 63, 
which is known as the Clerk pressure starter. A chamber 
C is connected to the engine cylinder by the pipe P and 
a check valve V. The passage H leads into C from a hand 




pump, which is used to charge C and the engine cylinder 
with an explosive mixture dighUj/ above atmospherio 
pressura I is an igniting valve, through which the mixture 
passes when open, and cornea in contact with the flame F, 
which oanses the ignition. The action of the starter is as 
follows : The cylinder and chamber C being filled at 
atmospheric pressure with an explosive mixture the igniting 
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valve is opened, the mixture fires at the orifice, and the 
llume strikes back into the chamber C. A% the gas bnruB 
downwards it expands, driving a large portion of thtt 
mixture yet unbumt through the pipe F into the cylinder. 
In this WB.J the pressure of the mixture iu the cylinder is 
considerably raised before the flame reaches it When, 
therefore, the mixture in the cylinder ignites, it explodes 




High.pi 



violently, developing a maximum pressure of 100 lb. per 
square inch, instead of 80 lb., as vith the low-pressure 
starters of Xvanchester and Qreen. 

The self-starter shown ia fig. 64 is known as the Clerk- 
Lancheater. It is, as will be seen, a combination of the 
Clerk pressure starter and the Lanchester automatic valve. 
It u otherwise more convenient than the Clerk starter, as 
no pump is required to till the cylinder and chamber C with 
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itn exploiive mixtare. The action of this atarter is as 
follow! : The engine cylinder and chamber C are filled with 
air at atmoapheric preunre. To eniare pure air occapyinic 
theae apaces, it is osnal to open the valve T before the 
engine is stopped, thus drawing pnre air throngh C into 
the cylinder. When ready for starting, the engine is barred 
round to the comtnencemeiit of its vorking stroke, the 
valve Y opened, and gas turned on ; the gas jet G is lighted, 
and serves to ignite the mixture as it issues from the orifice. 
Immediately the flame strikes back into the chamber the 
valve L lifts and closes the orifice. The action is now 
precisely the same as already described in the Clerk pressure 
Btarter. 

All maker^ supply with their larger engines some self- 
starter, which, though differing in detail from those already 
deecribed, may neverthiiless be recognised as dependent 
upon one or other of the principles explained.* 



CHAPTEll VII. 

TWO-CYCLK AHD OTHER ENGINEa. 

The large number of gas-engine makers who are now 
competing has given rise to a variety of distinguishing 
names, which the author ventures to think are far in excess 
of the correaponding differences which those names are 
supposed to characterise. Having now fully described a 
variety of engines which may be considered typical, but 
little will be gained by dwelling at length upon minute 
details. It will be advisable, before leaving the descriptive 
side of the subject, to touch briefly upon poiats of interest 
in connection with engines not already described. 

The Day gas engine, made by Messrs. Day and Ca, Bath, 
is illustrated in fig- 65. This engine is noticeable for its 
simplicity and fewness of parts. Though not suitable for 

■ Oibsr mettwdi of iturtlng gu sogioei usdsicrlbed on ligeitl. M, ilfM, 
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large powers, it is a moderately efficient engine where tmlj 
light work ia done- It will be noticed that the crank and 
connecting rod nm in a closed apace, into which is fitted one 
mushroom valve. Through this valve both gas and air are 
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mcked daring the ap stroke of the piston. On the down 
stroke this mixture is slightly compressed. When the 
piston descends, the port P is uncovered, and the mixture 
flows from the lower chamber into the working cylinder. 



'J-2 THE PALATINE QAS INOINE. 

On the return stroke the port entrance to the cylinder is 
covered by the piston, and the chaise being compressed 
into the ignition tnbe I, is fired without the use of a timing 
valve. The piston is moved downwards by the expanding 
gases, which escape through the port E when nncovered by 
the piston. It will be olAerved that the exhanst port is 
uncovered before the inlet, and therefore the pressure of the 
expanding gases is released before the end of the stroke. 
The inlet and exhaust are open together for a short period 
of time, and the first rush of fresh mixtnre is deflected up- 
wards into the cylinder ; in this way the greater portion o£ 
the burnt products are displaced. As the working of the 
valve is entirely automatic, the engine may be ran in either 
direction without any alteration whatever. This engine 
gives an impulse every revolution. 

The Palatine gas engine is constructed somewhat upon 
this principle, the orank shaft running in a closed chamber. 
The object of this design is to supply a scavenger stroke, 
and the impulse only occurs every two reyolutions. The 
objection to these designs is the inaccessibility of the 
connecting rod. 

Messrs. Alfred Dongill and Co., Leeds, make an Otto 
cycle engine, which is noticeable for its patent govarnor 
gear. This gear is shown in figs. 6G and 67. The object of 
the arrangement is to keep the ratio of air to gas uniform 
throughout all variations of load. Instead of merely 
intercepting the gas supply, the governor acts on both the 
air and gas valves, and when the speed rises the total 
volume of the charge admitted to the cylinder is decreased, 
but the ratio of air to gas remains unchanged The 
essential parts of the gear are the stepped cam O and the 
sleeve L. The lever P lifts both the gas and air valve 
spindles N and M, and is driven by the stepped cam 
operatii^ upon the movable sleeve L, In fig. 67> L is 
shown in line with the highest step ; consequently the 
admission of the charge is a maximum. When the governor 
balls F rise the sleeve is drawn towards the lower steps, and 
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the lift of the Talvea U diminished. It will be observed that 
since an increase in speed must take place on the exploBion 
stroke, the roller of the sleeve L is at the time of the 
increase running npon the cylindrical portion of the cam O. 
For this reason it is perfectly free to more sideways when 
the speed varies. Diagrams obtained from this engine are 
shown in fig. 68. From these it will be seen that the 
compression is reduced when running light, and the ex- 
plosion is nearly as rapid as at fnli load. This governor is 
said to prevent a variation in speed of more than 2 per 
cnnt on acconnt of the continuity of the impulses even at 
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light loads, and it is therefore highly suitable for electric 
lighting purposes. 

The Acme engine, made by Messrs. Aleicander Burt, 
Glasgow, vas designed with the object of obtaining maxi- 
mum expansion. This engine comprised two cylinders, 
working with two crank shafts. The shafts were geared 
together with two to one gearing, so that one piston made 
twice the number of strokes of the other. The gases expan- 
ded from the higher speed cylinder to the lower one, and the 
exhaust was said to be much cooler than usuaL The results 
obtained showed the engine to be economical ; but the noisq 
of the gearing, and the extra wear of these part% probably 
■op->'«te against the more general adoption of the engine. 



TWO-CVCLE IKCINE8. O.'l 

Daring the last few yean there haa been a growing 
tendency for all makers to adopt the Otto cyole in prefer- 
ence to their own particular makes. We have already 
mentioned that this cyole leaves much to be deaii^ed in 
regard to steadineu of running. It is not surprising, there- 
fore, that a reaction is taking place, and not a few are 
trying to solve the problem of constmcting a satisfactory 
engine having an impulse every revolution. The Qrii&n 
engine, as already described, gives su average of one 
impulse every revolution, but utilises both ends of the 
cylinder for the combustion of the charges. For more 
reasons than one it is desirable to utilise only the space 
at the back of the piston as an explosion chamber, the 
forward end merely acting as a pump. 

The first ei^ine built, in 1878, to give an impulse 
every revolution was designed by Mr. Dug aid Clerk, 
Assoc.M.InstO.£. It will be well to describe briefly the 
working of this and other two-cycle engines, not because 
they are regarded as modern gas engines, but because the 
author believes that the gas engine of the future will 
probably be a combination of past and present attempts to 
tonstruct an engine having an impulse every revolution. 

Mr. Dugald Clerk's first engine consisted of two cylinders, 
one of which was used as a motor cylinder, the other as a 
pnmp to deliver the mixture into a reservoir at a pressure 
of about 701b. per square inch. The motor piston travelled 
nearly to the end of the cylinder. The usual combustion 
chamber was dispensed with. When the motor piston had 
moved forward about 2 in. on its working stroke, a slide 
valve aduiitted the mixture from the reservoir. The supply 
being cut off, ignition took plac& In this engine the in- 
'intor sought to combine the advantages of compression 
before ignition with the complete expulsion of the exhaust 
gases by minimising the clearance at the back of the cylinder. 
The difficulties met with in this engine were chiefly due to 
back ignition in the compression reservoir, and to excessive 
»hock in the motor cylinder. The former of these dilli- 



cnltiet wu never overcome, though the Utter vsm mmimised 
by modifying the shape of the combustion chamber. 

In 1880 Mr. Clerk designed another engine, in which tht. 
pump delivered its charge directly into the motor cylinder 
slightly above atmospheric pressure. The exhaust porta were 
uncovered by the working piston, and just before being closed 
by the return of the piston the displacer pnmp delivered 
its charge into the working cylinder. This was compressed 
on the retnm stroke and ignited at the commencement of 
the forward stroke. Many engines of this pattern were 
made, and in the larger sizes worked quite as economically 
as the best engines of their time, though there were 
difliculties in the governing. It is also obvious that therb 
was great risk of delivering the nnburnt mixture into the 
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exhaust ports, and Mr. Clerk states that in the smaller 
engines this could hardly be avoided. 

la 1690 llr. Clerk built another engine, which is shown 
diagrammatically in flg. 60. Here M is the motor piston, 
P the charging and expelling piston. The link work is so 
arranged as to give a maximum speed of motion to one 
piston whilst the other remains almost stationary. Thus, 
when M uncovers the exhaust E, P travels rapidly towards 
it and expels the burnt gases; at the same time P is 
drawing a fresh chaise into the back of the cylinder. The 
two pistons then travel back together, and the chaise 
passes from the back of piston F to the space between 
the pistons. Upon ignition, M moves forward, whilst P 
remains practically stationary. The inventor believes that 
this engine is well adapted for both moderate and large 
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powers, and that it will give exceptionally ec<momical 
resolts when given a thoroagh trial It seems hardly 
probable that its meohanical effioienoy will be high after 
a afaort period of use, though the engine is no doubt very 
effective in design from a thermal, if not from a mechanical 
point of view. 

Messrs. Bobey and Co^ of Lincoln, have for some years 
ina&tifactared an engine npon the Otto cycle, with improve- 
ments introduced by Messrs. Hichardson and Norris. An 
important feature of the engine ia the ease with which it 
can be reversed. The cams are made to run in either 
direction, so that the alteration can be effected in a few 
moments. The speed is regulated by Bichardaon's high- 
speed governor, similar to that used on other Robey 
engines, fully described and illustrated in the Ejigineer of 
October 14th, 1892; The governor is loaded partly by dead 
weight and partly by springs, which latter can be regulated 
whilst running to give the required speed. The governor 
acts upon the gas valve, cutting off the supply of gas when 
the speed increases. Many of the Robey engines are specially 
designed for electric lighting, and for this purpose Mr. 
Bichardaon has introduced an electrical governor. This, in 
principle, consists of a solenoid wound as a shunt from the 
current generated by the engine and dynamo. A soft iron 
core is sucked into the solenoid as the voltage rises. Its 
movement is connected by a bell-crank lever to the pecker 
operating the gaa valve, causing it to hit or miss the knife 
edge on the gaa-valve spindle. By this means the gas supply 
may be entirely cut out, 

^-^i. Norris is now perfecting a two-cyole engine, with 
/the object of increasing the steadiness of running and 
^ increasing the power derived from a given weight of engina 
The arrangement is briefly as follows : The front end of the 
cylinder is dosed, and acts as a pump for drawing in the 
chaise and expelling it to the combustion chamber at the 
back of the cylinder. The piston rod carries a slight 
enlargement upon it, which traverses a cylinder attached 
8a 
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to the tnmt cover. This amall cjlinder ia used to pump in 
thegu. 

The cycle of this eiiRine is carried out in the foUowinic _ 
order : The retara stroke of the pistoii draws air into the 
front end of the cylinder through da aatomatio vnlve, 
whilst gaa ia drawn into the small cylinder attached to tha 
inside of the front cover. The next outscroke compresst-B 
the air into an intermediate chamber at about 61b. p^r 
sqoare inch above atmospheric pressure, until the piston 
has completed nine-tenths of its outward stroke. At this 
point a port in the engine piston connects the combustion 
chamber with the receiver. The exhaust valve is opened 
a little before nine-tenths of the outward stroke, and a 
oolamn of exhaust gaaea is therefore already in motion by 
the time air enters the combustion chamber from the 
receiver. Air continues to flow from thn receiver through 
the combustion chamber until oue-teuth of the invar<t 
stroke is complete, when the exhaust valve closes. At this 
time pure air only occupies nine-tenths of the cylinder 
voluma After the air and exhaust valves are closed, gas 
from the small pump ie admitted to form an explosive 
mixture, which is compressed during the remainder of th« 
instroke. The compresaion, in the opinion of Mr. Norris, 
should not exceed 05 lb. per square inch. 

In larger sizes of this engine a difierential piston is used, 
in order to increase the volume of air pumped into tha 
receiver, 
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CHAPTEK Till. 
Fbenoh EuaiKBa. 

BIMFI.EX GAS ENGIN&. 

The Simplex gas engine waa patented by Megflra. Edward 
Delamare and Malftndin, in 1884. Whilst rbsembling in 
many respects the Otto engine, this motor haa several 
distinctive features. It works upon the nsual Otto cycle, 
bnt the charge is fired jast after the commencement of the 
ontstroke of the piston, instead of, as usual, on the dead 
centre. It is stated that this modification greatly reduces 
shock upon the working parbi. The ignition of the charge 
is effected by means of an electric spark produced by a 
battery and induction coiL The difficulty usually met with 
in electric igniters is found to be due to the inefficienoy of 
the ■make and brake mechanism. This is obvt&ted in the 
Simplex engine by the generation of a coDtinnoua spark 
within a specially-formed chamber. The entrance to this 
chamber is controlled by a slide valve, and the charge in 
th? cylinder can only come in contact with the continuous 
spark when the port through the slide opens com- 
munication between the cylinder and sparking chamber. 
Many of the continental engines fire by electricity, but this 
method has been little used in this country. There are 
points in favonr of electric ignition ; but the maintenance 
of the battery, the possibility of the sparking points 
becoming coated with deposit, and the difficulty of 
maintaining the insulation are serious objections, and it is 
probable that as the hot tube is made more durable it will 
«ntirely supersede electric ignition. 

The governing of this engine is effected by the use of an 
air cylinder and piston. The piston is stationary, and the 
air cylinder moves backwards and forwards with the 
igniting slide spindle. Air enters the cylinder throt^h an 
orifice regulated by a micrometer screw. If the speed of 



the engine increaseB, the air in the cylinder is nndaly 
compressed, and so forces ontwards a second piston, which is 
in commnnication with the air cylinder. This latter piston 
carries the knife edge for actuating the gas tb1t& The 
micrometer screir can be so regulated as to cause the out- 
ward motion of the second piston at any desired mazimnm 
■peed. In this way the knife edge is moved ont of line 
with that on the gas-Tslve spindle, and the entire supply of 
gas is cut off. On larger engines of the Simplex pattern a 
form of pendulum governor has been adopted. 

The self-starter fitted to the Simplex engine consists of 
A three-way cock, suitably proportioned to admit a charge 
of gas and air to the cylinder. The cock is opened when 
the piston is at the commencement of its forward 
expansion stroke, and when charged the current is turned 
on. The high temperature Of the electric spark renders 
the iguitioa of a weak mixture certain. 



LENOIB I 

This is another engine in which electric ignition is used 
to fire the charge. The chief object of the designer was to 
obtain a very high compression and temperature of the 
charge before firing. This was effected by jacketing the 
working part of the cylinder only. The compression 
chamber was bolted to the cylinder casting, with an asbestos 
joint to prevent the transmission of heat from the com- 
pression chamber to the jacketed cylinder. The compression 
chamber was cast with a series of deep ribs outside, to 
distribute the heat by convection of air instead of by the 
use of a water jacket. By this means the combustion 
chamber was kept at a much higher temperature than the 
working cylinder, and a weak mixture was easily ignited 
by the electric spark. 

CHAEON ENGINE. 

An attempt is made in this design of engine to expand 
the charge beyond its volume at atmospheric pressure when 
drawn into the cylinder. To effect this, the air admission 
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valve remains open daring part of the compresaion stroke, 
and throagh it a portion of the charge is driven into a lot^ 
spiral tabe open to the atmosphere, and of aofficient length 
to retain the mixture forced into it. The valve then closes, 
and the charge is compressed. After expansion and exhaust 
the gases in the spiral pipe are drawn into the cylinder 
with the new charge, and the cycle is repeated. The engine 
is governed by reducing the gas snpply and by allowing 
more of the chaise to enter the spiral pipe, thus reducing 
the quality and volume of the gas ignited. 

HIEL ENGINE. 

In this engine the charge is admitted through a conical 
revolving plug, which is kept tight during the compression 
and explosion strokes by the pressure generated in the 
cylinder, acting upon the back of the plug so as to force 
it into its seating. 

LALBIN ENGINS. 

This engine is designed with the object of equalising the 
tuming effort upon the crank shaft. It consists of three 
cylinders, one placed vertically with the crank shaft beneath 
it, and one at each side inclined at an angle of CO deg. with 
the horizontaL Each cylinder works upon the Otto cycle ; 
hence in two revolotions the crank shaft receives three 
impiilBes,iu3teadof onlyone. The mechanism is so arranged 
as to permit of the engine being reversed. 

Qeeman Engines. 
benz engine. 
Of the German engines perhaps the Benz is one of the 
most interesting from a constructional point of view, inas- 
much as the cylinder is arranged to give an impulse every 
rfvolution, without the aid of a separate large pump, such 
as used upon the early gas engines of the Clerk type. The 
e>>gine is horizontal, and has electric ignition. The cylinder 
is closed at both ends ; the back of the piston receives the 
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ifopalse from the ignition of the mixture, and the fronb 
ut the piston drives, at each forward stroke, a Tolnme of 
fresh air through a onitable valve into an air reservoir 
formed in the bed plate of the engina A amall plunger^ 
worked from the crosshead, acts as a gas pninp, and the 
plunger cylinder becomes filled with gas daring every 
forward stroke of the engine. It is poesible with this 
arrangement to produce an explosion at the commencement 
nf each ontstroke of the piston. Imagine the gasea to have 
ignited and driven the piston forward. By this stroke the 
air reservoir is replenished and the gas pump charged. Oa 
the return stroke the exhaust valve opens, and just before 
the end of the stroke the air from the reservoir is admitted 
to the combustion chamber. This efiectually clears out the 
burnt gases and replaces them with fresh air, which at the 
same time tends to cool the cylinder. The air and exhaust 
valves then close, and the gas pump forces its charge into 
the combustion chamber. The air and gas mingle sufficiently 
to permit of ignition by means of the electric spark. The 
consnroptioa of gas in these engines is said to be about 23 
cubic feet per indicated horse power. 

EOEBTIXQ-LIECEF£LDT BNaiNS. 

The first of these engines was designed with vertical 
cylinders, and is specially interesting for the method ot 
ignition of the charge. By a special apparatus, shown in 
fig. 70, the external flame F ignites the charga The chamber 
C is in direct communication with the motor cylinder during 
the compression stroke and at the time of ignition. The 
cylindrical piece B is free to move upwards under the 
pressure of the mixture. The rod R ia worked up and down 
by a lever, thus opening and closing the port P opposite the 
naked flame. When compression commences the rod R is 
raised, so that the port P ia open to the flame. The mixture 
enters the chamber C, and raises the plug E. It is then 
forced through the small entrance of the cone, and, expand- 
ing, arrives at P at nearly atmospheric pressure, where it is 
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igoited hj the flftme F. The flame then travelB a little way 
down towards the small end of the cone, bat cannot get 
very fur, because the velooitj of the ontcoming gas is greater 
•t the lower end of the cone than the rate of flame propaga- 
tion. The rod R descends at the end of the instroke of tha 
piaton, and, covering the port P, eflectually stops the flow of 
FM ; the pressare within tJie cone becomes equalised, th« 
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piece B drops, and the flame travels downwards towards the 
chamber C, and so ignites the entire charge. 

The governing is effected by a somewhat novel arrange- 
ment of the centrifugal type, which cats out the gaa and air 
Kupply, and at ihe same time keeps the exhaust open, ao 
that the products of combustion are drawn back into the 
cylinder. This method is advantageous in oil motors, inas- 
much as it helps to maintain the temperature of the 
combustion chamber ; but it is adoubtful practice in connec- 
tion with gas engines. 
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THE DAIMLES GAS ENGINE. 

ThiB engine was first exhibited in 1889, and is speciallr 
Dotioeabie for its high speed and simplicitr of parts. The 
later designa have two cylinders, placed nearly vertically 
over one crank shaf b The connecting rods work npon one 
crank pin, set between heavy balanced crank webs. The 
connecting rods and crank are entirely encased in an air- 
tight covering, in a similar way to the engine shown iit 
fig. 65, An antomatic air valve admits air only to thia 
casing as the pistons rise. The gas and exhanst valves are 
placed at the upper end of each cylinder, the gas valve 
being automatic, whilst the exhaust is lifted by the equiva- 
lent of a cam on the disc crank web. Instead of the air 
port P, shown in fig. C5, a valve is placed in the centre of 
each piston, for passit^ the air from the crank chamber to 
the combustion chamber. The action of the engine is as 
follows : Upon the down stroke one cylinder expands its 
burning charge, whilst the other draws in gas, and at the 
same time passes air from the crank casing into the work- 
ing cylinder through the valve in the piston. On the 
return stroke the one cylinder exhansts, whilst the other 
compresses. In this way an impulse is received every 
revolution, although each individual cylinder works upon 
the Otto cycle. The governing is effected by holding open 
the exhanst valve every revolution when tjie speed rises, 
thoB preventing the antomatic gas valve from being opened 
by the formation of a slight vacuum in the cylinder. This 
engine is worked entirely without jacket water. This is no 
doubt possible on account of the high speed at which it is 
run (from 600 to 700 revolntions per minute), coupled with 
the ^t that only very small powers are attempted. It is 
claimed that the engine will consume about 33 cubic feet 
of gas per hour per I.H.P., and when it is remembered that 
the engines only range from 1 to 2 horse power, this figuio 
is not very excessive. 
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THE CAPITAINE QAS ENaiNB. 

The Capitaine gas engine ia designed to give a high speed 
of revolution with a nominal piston speed. This is done 
by increasing the diameter of the cylinder, whilst decreasing 
the length of stroke. The combustible mixture is drawn 
into the cylinder through an enlarging entrance, so that its 
velocity is decreased, the object being to prevent the 
mingling of the new charge with the exhaust gaoea. How 
far this arrangement is effectaal it is difficult to estimate, 
thongh it is certain that the time of combustion is 
lengthened by the presence of burnt products in a rich 
mixture of, say, eight volumes of air to one of gas. The 
igoitton tube in the Capitaine engine is of porcelain, and is 
claimed to be very durable and efficient. 

THE OECBELKAUSEK TWO-CYCLE ENGINE. 

The Oechelhauser gas engine is a simple form of two- 
cycle motor. The engine was designed with a view to 
secniing very high compression,' so that ignition might be 
made certain when using gases derived from iron furnaces. 
Referring to Gg. 70a, it will be seen that two pistons work 
in one long cylinder. The left-hand piston is connected 
direct to the crank shaft, whilst the right-hand piston is 
connected to a crosshead, attached to the crank shaft by 
means of side return rods terminating in the usual form of 
connecting rod. The ontside crank pins are placed diametri- 
cally opposite the central one ; consequently the two pistons 
retire simultaneously towards the centre line of the cylinder 
until they nearly touch, thereby compressing the mixture 
within the cylinder. When ignition takes place the two 
pistons simultaneously move apart. One piston uncovers 
the exhaust ports as it completes its outward stroke, and at 
the same time the other piston uncovers first an air port 
through which a draught of air enters the cylinder and 
fifectually clears it of the products of combustion. After 
admitting the air the same piston completes its outward 
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stroke^ and in so doing nncoven k second aet of porta which 
admit & mixture of air and gas. The mixture of air and 
goa and the acavenging chaise of air are forced into the 
cylinder by means of a pnmp. The right-hand side of the 
pamp plunger is in contact with air and gas, while the left- 
hand aide discharges air only for the purpose of scavenging. 
It will be observed that the engine has no valves to the 
cylinder, and in this respect is similar to the Trent gas 
engine now ont of date. The difBcnIty hitberto ezperienced 
with this arrangement of gas admission has been the escape 
of the fresh choice thrcugh the exhaust port In the engine 



nnder discussion it is stated that the volume of explosive mix- 
tare admitted to the cylinder is only 70 per cent, of the volame 
of the cylinder, but this ia the only safeguard against loss of 
gaa through the exhaust. It is probable that with a long 
exhaust pipe some of the fresh charge will find its way 
therein. As, however, the engine was designed with a view 
to utilising the waste gases from iron furnaces this loss 
is not serious, and the engine may in spite of this defect 
have a wide field of usefulness. 

An impulse is, of course, received every revolution, and 
the dimensions of the engine for a given power are therefore 
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conaidflrabl^ less than HHDaL Thus an engine developing 
EOO B.H.P. has a cylinder diameter of 26*6 in., and an engine 
of 1,000 B.H.F. has a diameter of only 36'8 in. The engine 
is governed by reducing the qaality of the mixtnre drown 
into the pnmp by throttling the gas admission ralve Q. At 
the same time the valve V is opened by the governor, and 
allows some of the compressed mixture of gas and air to 
return to the aaction pipe of the pump. 

Some of these engines are now at work at the Horde Iron- 
works, Westphalia. 



CHAPTEU IX. 
Ibsting Gas E.vgises. 
The testing ot gas engines specially fitted ap for experi- 
mental work is a comparatively easy task, and involves but 
little forethought from the experimenter; when, however, 
complete tests are to be made by the use of improptu 
apparatus, there is ample scope for the ready exercise of 
one's wits in arranging simple and reliable means of 
measuring the quantities to be dealt with. In what follows 
we shall confine our attention to testing a gas ermine alone^ 
that is, not in conjunction with the machinery it may be 
driving. There may be cases in which the work done by 
the driven machine is easily ascertained. The horse power 
obtained from the terminals of a dynamo driven by a gas 
engine affords a measure of the osefnl work done, and, 
making allowance for the efficiency of the dynamo, gives the 
work transmitted from the engine flywheel to the dynamo 
pulley. The work done in pumping a certain weight of 
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water against a known head, in a given time, ia easily 
converted into asefal horae power. Bat in all Buch cases 
the efficiency of the machines hu to be allowed for, and aa 
this may be a rather nncertain qaantitj, the only reliable 
method of testing is to ran the engine separately, and to 
measure the power derived from the flywheels by snitabte 
means. 

The simplest and moat reliable form of absorption dynamo- 
n:eter is illustrated in fig. ?!■ It oonaists of two or more 




lengths of good hemp rope placed over the upper semi- 
circnmference of the flywheel, and guided by wood blocks. 
The ends of the ropes are spliced together so that a spring 
balance may be attached at one side of the wheel, whilst a 
hook for carrying weights may be attached to the other 
side. The spring balance ia anchored to the ground l>y 
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meaiifl of a hook and adjustable screw. The latter is of 
great convenience, for withont means of adjustment the 
ropes often stretch and allow the weights to tonoh the 
ground. The weights for loading the brake should be cast 
vrith slots in, so that they may be placed npon the book. 
When patting on the weights it ia important that the slots 
should not coincide, for if the; do the vibration will 
invariably cause the weights to fall over. 

Aa a precaution against accident, the bar shown at B, &g 
7 1, shoald bo fixed to a suitable place and pass bettreen the' 
brake ropes. This prevents the andne lifting of the weights 
should the friction increase, and has often been the means of 
preventing a serions accident. 

When absorbing Urge powers the rim of the wheel will 
become much heated, and its nndne expansion may lead 
to fractnre. It is therefore better to cast the rim in the 
fornt of a trough (^^), and arrange for the delivery of cold 
water to the rim. When the wheel is revolving the watei 
will follow it in the direction of rotation and completely 
line the trongh ; centrifngal force, acting npon the water, 
will prevent its displacement from the trongh. In order to 
change the water in the rim the pipe shown at F, fig. 71, is 
fixed so aa to skim the surface and drain away the water 
so caught; In this way a (instant circulation may be 
maintained. 

It is important that the brake weights be removed when 
the engine ia being stopped, for if not the spring balance 
will be broken by their sudden faU. Another arrangement 
of the brake ropes is shown in fig. 72. This is more suitable 
for large powers, but whether one form or other is adopted 
is largely decided by convenience of arrangement, though 
for very small powers this latter form of brake is unsuitable. 
When an economy trial is to be made the brake should be 
loaded, with the gas cock fully open, until the engine rans 
at its nominal speed, and fires every cycle with a full charge 
of gas. To adjust the brake and other measuring gear, a 
preliminary trial is invariably necessary. 
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In calcDlating the load npon the brake, the weight of the 
hook aapporting the load shoald, of conrae, be iuclnded, and 
allowance Bhonld be made for any unbalanced part of tha 
brake rope. The spring balance ahonld always be tested 
before nae, aa the epriog often gets a alight permanent get, 
and the index does not nsnally read kto when the balanoa 
is unloaded. It is of the highegt importance that tha 
weights hang treelj, otherwise serious errors ma; ariset. 
Althongh these remarks deal with details apparently trivial, 
we cannot too strongly ui%e the neoessit; of their strict 




observance. A successfal trial depends entirely npon the 
iminediate observation of any distnrbanoe of the meaanring 
apparatus, and this can only be detected by constant 
watching. 
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During the trial the reading of the spring balance should 
(le taken every five or tea minutes, according to the duration 
of the teat) and from these an average may be calonlated. 
Ijet S = the mean spring balance reading in pounds ; 
W = the total weight hanging upon the brake in 

pounds ; 
R = effective radius of brake wheel in feet, 

= radius of brake wheel + radius of brake rope ; 
N » revolutions of wheel per minute ; 
then the brake horse power 

*■ ' 33000 

For the same broke gear the factors 

Sir R 

33000 

remain constant ; hence they may be worked out once for all, 

and the result be booked as the brake eimttant •= C. The 

formula for the B.H.P. may then be written 

E.H.P. = (W- S)Na 

ISDICATINO. 

Indicator diagrams obtained from gas engines cannot 
be entirely relied upon, though they may, with careful 
manipulation and a suitable instrument, be considered 
accurate enough for practical purposes. Before any impor- 
tant trial is to be made the indicator springs should 
themselves be tested under the conditions of temperature 
likely to occur. The average difference in the deflections 
of indicator springs when hot and cold amounts to as mnoh 
as 6 per cent, and more in some cases ; a cold teat is there- 
fore no guarantee. In the case of a gas engine, a simple 
method of testing the springs is as follows ; Construct a 
stirrup of brass, as ahown in fig. 73, having a hole in it 
tnfBciently large to allow the indicator piston rod to pass 
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throDgh ib This stirrup is placed in position by discotmect- 
ing the linka attached to the pencil lever Next obtain a 
100 IK spring balance, and carefuUy test it, with the stirrup 
attached, agunat standard weightj, noting the pltu or 
miooi errors, if any. Then paes the cord attached to the 
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npper end of the balance over a voitable pulley, aa ahowu. 
Weights may then be placed upon a scale pan at the 
end of the cord, and adjusted nntil the balance reads various 
definite loads. The use of an aocnrate balance can hardly be 
dispensed with, as otherwise the friction of the pulley will 
give an error of probably 5 per cent. By the arrangement 
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ahoTD this IB eliminated. Sappcwe a sprmg is being tested 
which is supposed to register 1001b. per aqaare inch for 
avery one inch vertical movement of the pencil on the drum. 
Pnt the indicator on the engine, and arrange the tackle 
above it as shown in £g. 73. Start the engine, and whilst 
running dightly tnm on the indicator oock bo as to heat np 
the spring. When the indicator is at its working tempera- 
tore, close the indicator cock and mark oS the atmospherio 
line on the dmm, revolving the latter by hand. N'ow load 
the balance until it reads 10 lb., and mark off the corres- 
ponding height of the indicator pencil. Proceed in this 
way \ty increments of 10 lb. at a time nntil the limit of the 
instrument is reached. Carefnlly measure the diameter of 
the indicator pisttm and obtain the area. In our example, 
suppose the area of the piston to be 0'5 square inch, and 
suppose when the balance reads 60 lb. the movement of 
the pencil above the atmospheric line measures 1*03 in. 
The pressure per square inch at IDS in. rise 

— 100 X 1-03 - 1031b, per square inch. 
Bnt the actual pressure upon an area <& 0*5 square inch 
is 50 lb., which is equivalent to 

j-g — 100 lb. per square inch. 

We see, therefore, that the indicator is recording a pressnre 
3 per cent in excess of the real pressure acting upos the 
piston. 

When testing springs by this method, care mast be taken 
not to overload the instrument, for it must be remf>mbered 
that the whole stress is transmitted through the small 
piston rod of the indicator. 
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CHAPTER X. 
Indioatobs fob Oab Enqikbb. 



Thib inatrament, shown in figa 74 and 75, baa a Tell-eanted 
reputation ot being both durable and accurate at high 
speeds. The heavy stresses brought to bear upon the 
working parts of the instrument when used for gas-engine 
indicating lias led to modifit^tions in design, rendering it 
in every way more adaptable to gas-engine work. The 
most obvious alteration is the adoption of the straight link 
in the parallel motion, in place of a longer and ourved link 
attached to the extreme end of the ptencil bar. The indicator 
shown in fig. 75 is specially designed for the gas engine^ bnt 



it can be used with equal efficiency upon a steam-engine 
cylinder. It will be observed that the barrel of the 
indicator is bored out to two diameters, the larger part 
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liaving an area equal to twice that of the smaller. Two 
piatonB are enpplied, to either of which the game gpring 
may be fitted. In this way a spring marked 100 will 
register 100 IK per square iach for each inch of vertioa] 
movement of the pencil when the spring is fitted on the 
larger piston If, however, this spring is fitted to the 
tmalltr piston, u recommended for gas-engine work, then 
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1 in. vertical movement of the pencil correapondB to 200 lb. 
presanre per square inch. Witik this instrument a variety 
of pressures may be dealt with by a small assortment tA 
springs, a featnre which readily recommends itself to the 
economist. In both designs the working cylinder is jacketed, 
to enable it to expand readily with the piston, and so 
obviate undue friction. All the piston springe are double 
■pirsl, to prevent the alight rotation and tilting of the 
pistonwhich is inevitable with a single spiral A verv 
light pencil bar is used upon these indicators for atesa- 
engine work, but for gaseugine work a bar of H section Is 
withstand the sudden jar due to the explosion. 
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no. 16.— Section of Tsbor Indlottor. 
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The gener&l constrQction ot the indicators will be gathered 
from the illnBtrations. 

THE TABOB INDICATOR. 

The Tabor indicator is shown in fig. W- Its three most 
characteristic features are the atraight-Une motion, the 
working cylinder, and the involnto spring nsed to actnate 
the dmm. The vertical movement of the marking point is 
secured by the curved slot, in which' runs a small roller 
attached to the pencil bar. The cylinder in which the 
indicator piston works consists of a thin tnbe attf ohed to 
the body of the indicator at its lower end only. The air 
jacket aronnd the tube admits of free expansion of the tube 
when in nse, and the thin wails of ^e lattor assist in 
equalising the tomperature. These indicators are some- 
what larger than the Crosby, and will give diagrams S in. 
long at slow speeds, though when working at 200 revolutions 
per minnte the makers recommend a 4 in. diagram, reducing 
it to 2 in. at 600 revolutions in order to minimise the effects 
of inertia of the dmm. 

The indicator illnstratod in fig. 77 requires no reducing 
motion as usually fitted. It will be seen that the worm B 
engages with a worm wheel upon the dmm £. The cord 
from the pulley O is attached to the crosshead of the 
engine, and travels through its entire strok& Various 
lengths of diagrams are obtained by altering the size of the 
pulley O. The cage d contains the spring which gives 
the return motion to the pulley. The backlash of the worm 
gear is taken up by a spring within the dmm B. By a 
simple movement of the milled head, shown at u, the pnlley 
O disengages with the worm, and revolves freely upon iis 
spindle. The dmm B then remains stationary. This gear 
is very convenient for indicating at high speeds ; but it is 
obvious that the speed of the engine most be considerably 
reduced to enable the hook from the indicator pulley to be 
attached to the crosshead. 

The only automatic gear for attaching and detaching 
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the reducing motion from the engine is thftt now being 
introduced by Mesan. Crosb; and Co. This gear, vhich 
wo shall describe, enables the operator to attach a complete 



Fin. 77.— Tabor latUralOT nith Bedaclng Gear. 

indicator gear to any high-speed engine whiUt running at 
fall speed Another important feature is that the redacing 
motion is thrown out of action immediately after the 
diagram has been taken. 

THE WAYNE INDICATOE. 

The design of this instrument, which ia made b; Messrs. 
Elliott Brothers, is a complete departare from the nsaal 
lines. Two views are shoirn in figs. 78 and 79i from which 
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the general appearanoe m&j be Rathered. It 'will be eeon 
that the paper npon which the diagram is traced is fixed 
by two Bpring clips to an alDminium guide, and forme a 
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concave surface. The latter moves horizontally by means 
of a cord pMsing over a spring palley and Attached to any 
oonrenient redncing gear. The marktnft point traverses 
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the src of a circle, its movement being resitted by the 
torsion of a spiral spring shown on the right of the 
iUtutnttions. This spring may be changed to snit the 



pressnrefl dealt with, and deteFmines the scale of the 
pressure ardinates. The circular movement of the pencil 
is produced by the pressure of the steam upon two steel 
longacB a, fig. 80, projecting from a horisontal rod passing 
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throngh the cyliiuler. This rod carries the pencil at on* 
end and the spiral spring at the other. The diagram* 
niatic sketch, lig. 80, will show how the pressure actn npon 
the steel tongues, and how the steam which pasaea the 
tongues escapes through the holes «, «. The chief features 
in this indicator are: The absence of joints or parallel 
motion, small movement of working parts, and acoessibilit; 
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of the pressure spring. Fur indicating engines at very 
high speeds, such as 600 revolutions per minute, an 
ingenious fitting is added to the inatmment, termed hy the 
makers "the lining attachment." By this gear, shown in 
fig. 79, the indicator dii^ram is built up line by line, the 
movement of the pencil for each part added being about 
one-twentieth of an inch. By turning the handle shown in 
the front of fig. 79 a worm is rotated. This gears with a 
segment of a worm wheel, which in turn rotates in a con- 
centric circle with the cylinder. A radial arm, visible in 
the illustration, fits into a hole in the piston rod, and is 
attached to the worm-wheel segment by means of a screw 
paaaing thronich a slotted hole. This slotted hole enables 
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the poioil to move a disUnoe of i in. when the vonn vheel 
u itktionary. The method of takint; a "line" diagram is 
«a foUom : Firat tarn the handle operating the worm and 
worm segment antil the Blot in the radial arm stands quite 
free of the set-acrew paaaing through it This enables the 
atmoipheria line to be accurately taken. Then turn on 
the indicator oook, and comment to rotate the handle 
before mentioned. The distance between the horizontal 
lines of the diagram will depend entirely upon the loss of 
time occasioned by the slot in the radial arm, and conse- 
qaently upon the speed of rotation of the handle operating 
the worm-wheel segment For any given case a few trials 
will enable the operator to accommodate the movement of 
the handle to produce a distance of about one-twentieth 
of an inch between the horizontal lines, as recommended by 
the makers. A line diagram is shown in fig. 81. It is 
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seconds, and oertainly prodncss a most perfect diagram at 
all speeds. The accesiibility of the pressore Bpring is a 
great coavenienoe, and its nniform temperatnre should 
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increase the degree of accuracy obtained. For convenience 
in adjosting the ioitrameDt it is attached to the oock with 
a swivel joint. 
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THE 3IUFLEX INDICATOR. 

A photograph of this inatrnment b shown in fig. 82. The 
inatrament is made by Meian. Elliott Brothers, and ia 
exceedingly strong. The chief departure from the tisaal 
constmction is in the arrangement and form of spring used 
to record the pressares. This spring ia visible at S. The 
upper limb is held in the upright standard, which is rigidly 
attached to the body of the instrument The lower limb ia 
held ia the top of the piston rod of the indicator. When 
pressure ia exerted upon the piston, its movement is resisted 
by the spring. The spring is quite easily removed by a 
sligkt pressure upon its side. Tarioua strengths of springs 
are supplied. 

The pencil levers, which are somewhat heavy, pass 
through a wide slot cut in the upper part of the instrument, 
and are attached to the piston rod by a collar, which is free 
to rotate upon the piston rod. The straight line motion is 
obtained by four parallel bars, three of which are visible in 
the photograph. 



CHAPTER XI. 
Keddcino Geaw for Gas Enqineb, 
It ia invariably necesaary to attach to an engine some 
mechanism to cause the drum of the indicator to reproduce 
the motion of the piston to a small scale. Such mechaniams 
are numerous, and for a complete description of the Tarioua 
typea the reader ia referred to text-books on indicating. 
The essential requirements of a reducing gear are simplicity, 
durability, and accuracy. The great fault of nearly all 
reducing gears arises from the necessity of stopping the 
engine to attach the gear. This alao necessitates the ge^r 
running until the engine may be stopped. The wear of the 
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parts tkns becomes abnormal, oanaing considerable shake 
and inconvenience, especially in hiKh-Bpeed engines. 

Motion far the gear is asoally derired from the crosshead 
(rf a steam engine or trnnk piston of a gas engine. A con- 
venient attachment for the latter is illustrated in fig. 83, 
at X ; the pipe shown is welded to the adjusting screw of 
the piston pin, and carries the npright bar Y. The lock 
nnte shown serve to adjust the position of the bar. The 
motion of T may be rednced to suit the stroke of the 
indicator dram in a variety of ways, and a practical 
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engineer will often be able to deriae means suited to 
indiridaal cases. It is, however, almost essential, to ensure 
economical working, to have a gas engine tested periodically 
in order to detect defective valves, and in view of this it is 
convenient to be able to fit up an entire indicator gear 
without stopping the engina In order to secure this 
condition the author has recently designed and provision- 
ally protected the arrangement illustrated in figa 83, 84, 86. 
A number of these gears are being made by Messrs. Crosby 
and Co., for use in connection with their roll reducing gear 
and improved indicator. 

Referring to fig. 81, it will be seen that the cord from the 
redoing wheel W passes throuKh a tube, to which a handle 
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ia attached. The tube sUdea in n boas npon the rooking 
lever B, and is pressed outwards b^ the spiral spring ahown. 
When the spring is compressed, the bolt fitted in the handle 
rides np the incline, and, dropping over the edge, prevents 
the releaae of the spring. By pushing the handle over, at 
indicated by the arrow in fig. 85, the spring is released and 
the bolt in the handle runs up an opposite incline, droppii^ 
over its edge, as befora The handle must be palled back 
again before the spring can be compressed. Upon the front 
of the tube a distance piece D is pivoted. This part drops 
downward by its own weight, but may occupy the horizontal 
position shown dotted. 

A coiled spring inside the reducing wheel W causes the 
cord B to be in tension ; henoe the hook H, resting againat 
the front of the handle, tilts the lever B against the stop Sj. 
When the hook is drawn forward, B rests against the 
stop S,. 

An important part of the arrangement is the swinging 
link L attached to the bar Y, figs. 83 and 84. This link, by 
reason of its inertia, swings from an angle of about 46 dc^. 
into a horizontal position at the end of each instroke. By 
this means it is made to engage with the hook H when the 
latter ia in position for coupling np. 

The only permanent attachment to the engine is the bar 7, 
with ita link L, and in the hands of a skilful operator the 
wbde of the preliminary adjustments of the gear may be 
made even when running at full speed, though it is advisable 
to keep a record of the length of hook required for each 
engine, and to make such observations as will assbt in 
quickly replacing the gear when once adjusted. 

We will suppose that our cord from the indicator drum is 
attached to the reducing wheel, and that all is ready for 
taking a diagram. The first thing to be done is to compress 
the spiral spring. If this is omitted the gear may couple up, 
but it will immediately uncouple itself on the retnm stroka 
Next, draw forwards and upwards the hook H, at the same 
time lifting the distance piece D until it is in the dotted 
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potition, fig. 84. Now allov the hook H to return outil it 
presses against the distance piece D. It will now be found 
that the distance piece and the hook remain in line, but the 
hook is tilted upwards becaose the tension of the cord polls 
B against the stop S^ The gear is now ready for conjtling, 
and this is efiected by bringing B gentiy against the stop S^. 
Immediately the hook leaves the distance piec^ the latter 



r^— 


/ 


p^ 


"■->- 


\\ 


/ 


, '\ \ 


/ 


\ \ \ 


/ 


\ \A 


. / 


\\ 


M / 




drops down by its own weight, and when next the hook H 
returns there is a quarter of an inch clearance between it 
and the face of the tube. The hook therefore remains coupled 
to the link until the diagram is taken. 

To uncouple the gear it is merely necessary to rotate the 
handle in the direction of the arrow on fig. 85. The spiral 
spring is then released, the handle flies out, and occupies the 
position shown in fig. 84. It is obvious that the book 
H will now collide with the handle, and its further inward 
movement will be arrested. Hence the tension of the cord 
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R will again tend to bring B againat the stop 81. In con- 
seqaence, the hook H tends to lift from the link L, and 
when L completes its irnrard stroke the clearance is so 
arranged that H is frpe to tilt upwards, and thus aato- 
tnaticallj nnconple itself. 



CHAPTER XIL 
Gas-engine Tbials. 
Whsn taking indicator diagrams from a gas engine, it is 
advisable to keep the pencil npou the diagram paper for 
about half a minute, in order that a series of diagrams may 
be taken. If the engine is running at full power, the pencil 
will traverse the same path during each cjcle and trace one 
distinct diagram. If, however, the engine is running lightly 
loaded, it is possible that it maj not receive a full charge of 
gas, owing to the action of the governor ; hence the pencil 
will trace out a fresh diagram for each cycle. Methods of 
working out the cards will be given later ; at present we 
shall treat only of the practical details of a test ; suffice it 
to say here that the object of the experimenter should be to 
obtain a set of diagrams at each operation of the indicator, 
ranging from a maximum to a minimum area. 

The springs used for indicating gas engines are necessarily 
heavy (from iH to ih) ; hence only the compression, 
explosion, and expansion curves are clearly shown upon the 
diagram. It is nevertheless important that the amai. 
variations in pressure during the exhaust and suction 
strokes shonld be ascertained as a check against bad valve 
setting and undue throttling in the pipes. This is usuallir 
done by using a light spring in the indicator (say a }th). 
la order to prevent the excessive compression of the spring 
daring the explosion it is usual to pass a J in. length of A in. 
or iin. brass pipe over the indicator piston rod before 
IOg 
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potting the inBtrament together for nae. This acta aa a 
dutance piece between the piston and top cover of the 
indicator cylinder, and tbns prevents the spring from being 
cmahed. The length of the brass pipe will depend npoa 
circumstances. In the Crosby indicator a Ain. length suffices. 
A diagram taken in this way has been given in fig. 17, and 
is explained in the text relating thereto. The exoessiTO 
throttling of a silencing chamber, exhaust pipe, or valves is 
at once detected by a light spring diagram, and no engine 
should escape this test after it is completely fitted up. 

MeaturemetUt of the Jacket Water — In a gas-engine trial 
there are three observations to be made with respect to the 
jacket water : — 

1. The quantity (measured in pounds). 

2. The temperature of the inlet (measured in deg. FaL). 

3. The temperature of the outlec (measured in d^. Fab }. 
Tha Quantity.— The most convenient method of measuring 

the weight of jacket water depends so much upon local 
conditions that no specific advioe may be given. The author 
has found the following method convenient, and of wide 
application: Uost engines not specially fitted for testingf 
will be arranged as in fig. 2. This being so, empty the 
tank B by syphon or otherwise, and plug the orifice of the 
upper circulating pipe leading into tank A. Ko circulation 
through the jacket is no-ir possible without opening the 
feed cock to A, The feed water delivered to A will pass 
through the jacket and find its way into tank B. This 
tank may be calibrated to read pounds of water, either by 
means of a float or by the insertion of a glass tube passing 
up the outside of the tank. In some instances it has been 
less trouble to uncouple a union on the pipe e and conduct 
the water to a tank resting upon a weighing machine^ Id 
either case the quantity should be regulated by the feed 
pipe to A, until the temperature of the outlet water is 
about 150 deg. Fah. Observations of the weight of water 
may be taken every ten minutes, though with a steady fiow 
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this ia not necesBary. When short handed only the total 
weight at the end of the trial Deed be observed. 

Jacket Temperatures, Inlet. — The inlet temperatures should 
be taken on the inlet pipe near the tank A. If convenient, 
insert a X piece in the inlet pipe, and through a cork in the 
J. place a Fahrenheit thermometer vertically, so that the 
mercury bulb is directly in the etream of water. Many 
errors arise through inattention to this. If the vertical 
part of the X is long, a small volume of stagnant water 
remains in it and gathers heat from the engine. The ther- 
mometer readings may be affected by thia, and become 
altogether unreliable^ In most cases the inlet temperatures 
may be observed from the water in the tank A, thus 
obviating any alteration to the pipes. 

The Outlet Temperature.— Thin should be taken as near 
the exit from the jacket as possible. A convenient place is 
in the bend at the top of the pipe e. The thermometer 
should be placed vertically, especially if permanently fitted, 
HS, if not, the column of mercury tends to stick at the 
laaximum temperature recorded. It has been stated above 
that the usual oatiet temperature is about 150 deg. Fah, 
The thermal efficiency of an engine may be increased by 
raising the temperature of the jacket. There is therefore 
a tendency to raise the temperature of the jacket beyond 
itA safe working limit when running short economy trials. 
An increase in efficiency acquired in this way is sometimes 
ignorantly ascribed to other causes, and fair comparisons 
cannot be made without regard to the temperature of the 
jacket outlet water. !No doubt a time will come ^rhen the 
jacket, as now usually fitted, will be dispensed with ; for, 
although the gas engine is — theoretically and practically — 
the most efficient heat engine, it is nevertheless a humilia- 
ting admission that provision must be made for wasting 
between 30 and 40 per cent of the heat generated. Where 
hot water is required in factories there is no reason why 
this heat should not be utilised by a convenient arrange- 
ment of service pipes. The author has arranged a plant 
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to work npon this Bygtem, which will effect a considerable 
uvtng in f ael, and be otherwise extremely convenient. 

MeaiKrement of the Oat. — The number of cubic feet oE 
gas used, also the temperature and pressure of the gas in the 
meter, require to be known. The index of an ordinary gaa 
meter is usually provided with a set of three or four 
pointers indicatii^ reapectively thooBands, tens of thonautdg, 
hundreds of thousands, &a, of cubic feet of gas. Besides 
these, there is a smaller pointer placed above, which revolves 
once for, say, 10, 20, or 30 cubic feet according to the size of 
the meter. Besides these, another figure, which is frequently 
misleading, will be found printed upon the diaL This 
figure refers to the capacity of the measuring chamber 
inside the meter, and this is freqnsntly noted upon the dial 
in the following way: "1'32 cub. ft per rev." Mistakes 
occur in supposing this figure, 132 cubic feet, to refer to 
a revolution of the small pointer, instead of, as above 
mentioned, to the capacity of the measuring chamber. It 
should, therefore, always be remembered that this figure has 
absolutely no reference to the pointers on the dial 

When the meter is situated in a room of practically 
uniform temperature, the meter may be assumed to be of the 
same temperature as the airin the room. It is, however, more 
satisfactory to have a thermometer fitted to the exit pipe 
from the meter, so that the temperature of the gas may bn 
more accurately ascertained. The pressure of the gas is best 
ascertained by the application of a manometer, or U tuba 
filled with water, to some connection close to the meter. 
The head of water Bostained by the pressure of gas should 
be noted a few times daring the trial, to see that no 
variation of pressure takes place. In connection with 
the observation it is also necessary to take the height of 
the barometer, so that all readings may afterwards be 
reduced to one standard of atmospheric pressure. 

Jwtker't CaCorimtter.—bx very complete trials it is neces- 
sary to know the average composition of the gas daring th» 
trial, though in most testa the calorific value of the gas 
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(which, for general pnrposea, is the only fignre required) ma; 
he ascertained by means of an inatmmeQt known as Jnnker'a 
oalorimeter. This instrament, which may be obtained from 
the sole agent, Hermon Kiihne, New Broad Street, E.C., is 
vllostrated in fig& 86 and 87. The principle of the instra- 
ment is that the heat generated by a gas flame is absorbed 
hy a water jacket The quantity of water, its inlet and 
ontlet temperatures, and the quantity of gas passing 
through the instrument, afford data from which the oalorifio 
ralae of the gas may be determined to within O'O per cent of 
fuiy other determination. Radiation is prevented by 
snrronnding the apparatus by an air jacket formed by a 
niokel-plated cylinder. The flame shown at 28, fig. 86, is 
bnrroonded by a water jacket, throagh which pass a nnmber 
of vertical copper tabes. The flame boms in the central 
chamber, and the products of combustion pass down the 
inside of the tubes to the outlet at 33. By this arrangement 
the gases at the highest temperatare meet the hottest 
water, whilst as the gases oool they meet the colder inlet 
water. This, of course, favours the transmission of heat, 
and the products of combustion escape at the throttle at 
atmospheric temperature, havii^ parted with the heat of 
combustion to the jacket water. In order to obtain 
accurate results, it is necessary that the flow of water 
through the instrument should be perfectly uniform. 
This is secured by leading the water into a tank shown at 
3, fig. 86. This tank is kept slightly overflowing, thus 
produciug a constant head. Two thermometers are fitted 
for measuring the temperatures of the inlet and outlet, 
and a graduated measuring glass is supplied for water 
measurements. It is highly important that the gas 
pressure remun constant, and for this reason a suitable 
regulator is required to be used with the calorimeter. An 
external view of the apparatus showing the gas meter and 
regulator is given in fig. 87. Water formed by the com- 
bustion in the central chamber is collected in a small 
measuring glass at d, 6g. 67. 



■ gilizodb, Google 



3 INGI^E TRULB 




d filiation of Junkers Oili 



CAS-EXGINE TKIALB. 13j 

The calibratiotka of the instniment have been made in the 
metric system, and the unit of heat has been taken as the 
quantity required to raise the temperature of 1 kilogramme 
of water 1 deg. Cen. This unit is termed a calorie, and is 
converted into British thermal unita* by multiplication by 
3-96. 

In fixing the apparatus, the chief points to be observed 
are oa follow : — 

No draughts must be allowed to strike the outlet of the 
exhaust gases. The quantity of gas passed throagh the 
calorimeter should be at the rate of 

4 to 8 cubic feet per hour of illuminating gas, 
8 to 16 „ „ hydrogen, 

16 to 32 „ „ Dcwsoa gas. 

Always light the burner outside the combustion chamber, 
to avoid explosion due to accumulated gas. 

Regulate the water passing through the jackets until its 
rise of temperature is from 10 to 20 deg. Ceo. 

Having set up the apparatus and regulated the quantity 
of gas and water, a test may be made in the following way : 
Observe the reading of the gas meter at a convenient figure, 
and at the same time remove the tube C, fig. 87, to dischargt^ 
into the graduated glass. Then take the readings of the inlet 
and outlet thermometers. Take a few intermediate readings 
of the outlet thermometer, and immediately the water 
reaches, say, the 2 litre mark, turn off the gas and read the 
quantity of gaa shown by the meter. The readings may be 
booked as follow : — 



27-54 ... 





27'62 ... 




27-53 ... 




27-55 ... 


2 litres 


2753(mean) 2 litres 



Oa8bumt0'268 cubic feet 7-98 

■ Tbe )>mt nqiiiied to fsIh 1 lb. o[ mter ot Duxlmuin duulCr 1 dsg. Fah. U 
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Uean rise in temperature 

- 27-53 - 7-98 - 1955. 
Calorific value of gas in oaloriea per cubic foot 

_ mean riae in temperature x litrea of w ater 

cubic feet gu burnt 

1955 X 2 ,,Ko 1 ■ 

= 1455 X 3-90 - 577 B.T.U. 
So far we have obtained b. calorific value of the gas with- 
out regard to any condensed water which may have collected 
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in t.he Bmall measuring glass marked D, in fig. 87. Now, this 
inoisttire is the result of the combustion of hydrogen with 
the oxygen of the air, and at the moment of combustioa 
steam is formed. In the calorimeter this steam is condensed, 
and gives up ita latent heat to the calorimeter ; hence the 
calorific value above obtained is the total heat evolved per 
pound of gas when all the products of combustion are cooled 
to atmospheric temperatura 

In nearly all industrial processes the steam formed by the 
combustion of hydrogen with oxygen passes away as steam ; 
consequently some of the beat is not available unless the 
steam is all condensed to water. The number of British 
thermal units carried away per pound of hydrogen is, in 
round numbers, 10,000. This is obtained in the following 
way : 1 lb. of hydrogen requires eight times its weight of 
oxygen to completely bum it ; hence 01b. of steam would be 
produced. Suppose this to be cooled to water at CO dfg. 
Fah., and at attnoepherio pressure, the heat evolved by the 
process would be equal to 9 x 1936 + (212 - 60) i units per 
pound of hydrogen, which amounts to 10,062 British 
thermal units. It is evident, therefore, that two calorific 
values may be obtained— the one the total, the other the 
available. In gas engines the heat of the exhaust does not 
permit of condensation of the steam prodaced ; hence the 
latent heat should be subtracted to give the available heat 
for use in the gas engine 

For this determination it is advisable to continue the 

operation of the calorimeter for a longer time, because of 

the small quantity of condensed water produced. Suppose 

the measuring glass D contains 60 cubic centimeters after 

burning 3 cubic feet of gas ; then the correction in calories 

_ cubic centimeters of water x 06 

cubic feet gas burnt 

60 X 0-6 
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Then the net available heat 

- 1438 - 12 - 133-8 calories 

- B20 D T.U. 

It 11 sometimes argued that in estimating the efficiency of 
ft gaa engine the total heat, and not the net available heat, 
should be taken as the basis. Nearly all efficiency triaU 
have hitherto been worked npon the available calorific value 
of the gas used, and for the sake of nniformity we shall 
adopt this standard. After all, the question is merely one 
of definition, and needs no further discussion here. 

Metltod of Taking Sample of (?([«.— Should it be desired to 
tske a continuous sample of gas for future analysis, the 
following arrangement will be found convenient : Fit aa 
iiidiambber cork into a suitable glass jar, and through two 
lioles insert glass tubes. The one tube should be short, and 
the other should reach to the bottom of the jar. Attach 
the shorter tube to the gas supply by means of an india- 
rubber pipe, and form a syphon of the other longer 
tube by another piece of rubber pipa Having completely 
filled the apparatus with water, a pinch cock may be 
adjusted on the syphon so that the latter draws the 
water slowly from the bottle or jar. Gas then enters 
the jar, and by suitably regulating the syphon small 
quantities of gas may coatinuoasly enter the jar during the 
whole period of the trial. In this way a fair representative 
sample of gas is obtained for analysis. Mercury is, of coarse, 
preferable to water, inasmuch as the constituents of coal 
gas are more or less soluble in water. No serious errors 
arise provided the gas is not left for a long period in contact 
with a lai^ surface of water. Precise instructiotu for 
analysing gases will bo given in another chapter. 

Counting ike Revolutiotu and Explottons. — The revolutions 
o( the orauk shaft are usually observed by means of some 
form of speed counter. The following methods of actuating 
the coanter have been made use of by the aathor, and 
are given here as suggestions. It ofCen happens that 



OAS-ENGINE TRIALS- 139 

incidental conditions adapt themselves to the reqairemenin 
of the experiments, and for this reason it is always well to 
be on the alert rather than to attempt to laboriotuly carry 
out a special method of fixing the meaBoring apparatas. 

Sappose the counter to have a reciprocating lever which 
requires to be moved through two short strokes at each 
revolution of the crank shaft. When the reducing gear for 
indicating is constAutly working throughout the trial, 
motion may be transmitted from some of its bars by a cord 
attached to the lever of the counter. The cord may bo held 
in tension by attaching a strong indiarubber band to the 
counter lever. Indiarubber bands are so extremely useful 
in fixing up testing apparatus that they should be regarded 
as part of the equipment for an engine trial Should thx 
reducing gear be unsuitable for driving the counter, motion 
may be derived from the valve levers. In this case it must 
be borne in mind that the side shaft of an Otto cycle engittH 
is geared down to run at one-half the revolutions of the 
crank shaft ; hence the counter readings must be doubled. 
For the permanent attachment of a counter it is, of course, 
better to employ a link or rod for operating the counter 
lever, though the cord and indiarubber band is much more 
easily fitted up, and is just as reliable for a three or four 
hours' test. Small counters are procurable which may be 
held against the centre of the crank shaft by hand. Some 
are arranged to give the revolutions per minute on the dial, 
others give the revolutions during the time the counter is 
be!d in position. 

The explosions are best counted from the exhaust pipe 
outlet. If the engine i% running at full power, and is 
working on the Otto cycle, the explosions will, of oourst*, 
be equal to half the revolutions. The explosions should in 
any case be counted occasionally, in order to verify the 
aSBninption,asderaDgement of the governor gear and ignition 
tube may falsify the results if not checked. 

Temperalare 0/ the Exhaust. — This measurement is diffi- 
cult to obtain with any apt>'oach to accuracy. It is indeed 
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oftem left to be calculated from the indicator card. This, 
howeTer, is not Batiefactory, becanae of the alteratioa of the 
Bpecufic heat of the gases forming the prodncta of combustion. 
It has been shown b^ Le Chatelier that the specific heat of 
carbon-dioxide increases in the ratio of 1 to 1*6 between 
tempemtares of and 1,000 Cen. Until more is known of 
the specific heats of gases at high temperatures, calcnlationa 
from the cards con oniy be regarded as approximating to 
the resnlts required. 

Mr. Barstall has carried oat experiments in this direction, 
Dsing a fine platinam wire suspended in the combnstioa 
chamber. The electrical resistance was measured, and from 
this the temperatare deduced. This was found to range 
from 1,045 deg. Ceu. to 1,140 deg. Cen. At the present time 
there is no simple and reliable ins tra meat which can readily 
he fitted up for measuring directly the exhaust tempera- 
tures ; hence most experimenters have to adopt a methoii 
of calculation from the indicator diagram. 

We may now summarise the observations during a gas- 
engine trial as follows : — 

Time of observations. 

Br.k« raiding. I^f'-e""™ 
I Load on brake. 
KHvolntions of the engine by counter. 
Explosions per minute. 

I' Quantity, cubic feet. 
Gas meter -I Temperatnra 

IPresBure, 

{Quantity, poands. 
Inlet temperature. 
Outlet temperature. 
Height of barometer. 
Indicator diagrams. 
Temperature of exhaust (when possible). 
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CHAPTER XIII. 
The Practical Analysis of Coal Gas. 

Atwlyiing the Gat. — Hempel's appanttUB ia most generally 
ased bj eogineers for the analysis of furnace and coal gases. 
If carefully handled, the results may be relied upon aa being 
accurate to the half of 1 per cent The principle upon 
which the analysis depends is briefly as follows : From n 
known volnme of gas certain constituents are absorbed. 
The remaining volnme is measured after each absorption is 
complete ; hence the volumetric proportion of the cod- 
stituentB may be determined. If there is a residue which 
cannot be absorbed, as is the case with coal gas, the 
remaining quantities may be determined by combustion in 
a manner to be described. 

We will suppose that a sample of coal gas has been 
collected during the trial, as previously described. This 
sample, we know, consists of carbon- dioxide (COj), defines 
<C.Ei), oxygen (0), carbon- monoxide (CO), hydrogen (H), 
and marsh gas (CH*). Oar analysis will enable ns to 
determine the volumetric proportions of these constituents, 
but it will be noticed that the method depends entirely 
upon our knowledge of their presence. The constituents 
luust be absorbed in the following order : — 

1. Carbon-dioxide, absorbed by potassium hydrate. 

2. Olefines, aborbed by strong sulphuric acid. 

3. Oxygen, absorbed by phosphorus or pyrogallic acid. 

4. Carbon-monoxide, absorbed by cuprous chloride dis- 
solved in hydrochloric acid. 

The apparatus for carrying out these processes is illus- 
trated in figs. 88 and tS!>. A is a plain tube, called the 
levelling tube; B is a graduated tube, called the burette. 
The burette is graduated up to 100 cubic centimetres. The 
two tubes are connected together by means of a flexible 
rubber pipe, which may be of oomparatively thin section 
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whfiD water is n>ed in the apparatus, bnt shonld be mnch 
■tonter tnbing when mercury is used. . 

There is a cock at the top of the baretted and a pinch 
cook npon the rubber connection. The level tube is first 




filled with water (or mercury if procnrable). The burette 
is then lowered until the water gravitates into it and 
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completely £lls it up to the stop cock. Now connect the 
syphon tube of the sample bottle to a water tap, and gently 
tarn on the water so as slightly to raise the pressure of the 
sample gas. Allow a little gas to escape through the other 
tube from the sample bottle, in order to get rid of any air 
beyond the pinch cock. The sample may now be connected 
to the burette, and the water ran from the burette back 
into the level tube. The sample gas will then be drawn 
into the burette. It is better to draw in rather more thaa 
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100 C.C. before discoDuecting the sample bottle. This done,. 
close tbe stop cock of the barette, and raise the level tube 
until the surface of the water stands at zera Close the 
pinch cock on the flexible tube. The pressure in the burette 
will now be slightly above that of the atmosphere ; hence 
the stop cock of the burette should be opened momentarily 
jnst to allow the excess of pressure to escape. This method' 
of filling contributes towards accuracy, for it is of the highest 
importanoe that no measurements of volumes be taken 
excepting when the gas is at atmospheric pressure. It is 
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also ot the bigheat importance that the temperature of the 
bnretts remain constant, and for this reason the tnbes 
shoald never be touched ; all lifting should be dona by 
holding the wooden stands into which the tnbes are fitted. 
By drawing the hand once or twice down the burette, an 
alteration of quite 5 per cent will be noticed in the 
reading, thus showing the importance <d uniformity of 
temperature throughout the analysis. 

Having measured off our 100 cc. at atmospheric presenre, 
we next proceed to absorb the carbon-dioxide. Each 
absorption is carried oat in a pipette, the forma of which 
are shown in figa 9C^ 91, and 92. Fig. 92 repreaenta 
Iwo glass bulbs connected together by glass tubes as thown. 
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The larger bulb is filled with a strong solution of potasalom 
hydrate until the capillary U tube fills. It is advantageous 
to plane a number of i in. solid glass rods inside the long 
-liulb. The solution adheres to the surface of the rods, and 
'thus presents a very large surface for absorbing the COj. 
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After making sure that the aolntion U well up the capilUrj 
tube, conple tbe burette to tfae pipette, as in &g. 93, b^ a very 
short piece of capillary tube. The admiesioii of air in conpling 
and onconplii^ vith the rariona pipettes nsed is a frequent 
source of error, and the utmost care is reqaired. A con- 
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venient way of making these joints is to slip a j in. length 
of rubber tnbe over and beyond the end of one tube. Then 
butt the two ends together, and by wetting the glass the 
rabber can be slipped over the joint without enclosing a 
lar^ Tolame of air. When tbe joint is made, open the 
stop coc^ raiw the level tube, and drive all the gaa over 
into the pipette. Tbe absorption will be complete in about 
halt an hour. Tbe process will be assisted by shaking the 
solution or by drawing the gas back into the burette, so that 
the glass rods may be again moistened. 

When the process of absorption is completed, lower the 
level tube and allow tbe water to flow from the burette 
until the caustic potash in the pipette rises up the capillary 
tube to the position it at first occupied. Now close the stoji 



llG 



...X-oogk 



Uti TBB PRACTICAL ANALVSIB OF COAL GAS. 

cock at the top of the burette, aitd hold the level tube agftiiut 
the burette at inch a height that the water ia both tabes ii 
exactly at the lame level In this way the gases in the 
burette are slwaTB brought to atmospheric preasure before 
their volnme ia measured. In taking the readings great 
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care should be exercised. When water is used it« surface in 
the tube will be concave ; with mercury the surface is 
convex. In either case the line of sight when taking a 
reading should be horizontal and tangential at the ceittre 
of the concave or convex surfaces. Before taking a reading 
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when water ia used in the tubes, the burette should be 
allowed to stand a few mompnta to allow drops to run down 
the sides. It is oolj by careful attention to such details 
that any approach to accuracy can bn secured. An exactly 
similar process is carried out in order to absorb the olefines. 
Thg pipette used is shown in hg. dO, and contains stroi^ 
sulphuric acid. 

To absorb the oxygen, a pipette siuiilar to fig. 92 is tised. 
This should be filled with water, and contain a number of 
sticks of phosphorus of about i in. diameter. As phosphorus 
ia not readily procured in sncti thin sticks, it will be well to 
describe how they may easily be produced from lumps of 
phosphorus without danger to the operator. Procure a glass 
tube, the bore of which ia equal to the diameter of the sticks 
required. At the end of this place a short length of rubber 
pipe. Take a tumbler of water, at about 120 deg. Fah., and 
quickly drop the lumps of phosphorus into the hot water. 
The phosphorus will now melt at the bottom of the tumbler. 
Squeeze the rubber pipe attached to the glass tube, and then 
immerse the end of the glass tube in the melted phosphoms. 
Owing to the head of water in the glass, it will be found 
that the phosphorus will run up the glass tube when the 
rubber at the other end is released. By suitably arranging 
che head of water, sticks of phospboraa of the required 
length may be cast. To get the stick of phosphorus from 
the glass tube it is advisable to remove the rod into a vessel 
of cold water, but before doing so take care to pinch tightly 
the rubber connection, so that the phosphorus does not 
drop when taken from the water. In a few seconds the 
phosphorus will set, and will stick in the tube if not pre- 
vented. Whilst setting the phosphorus should be kept 
moving in the glass tube by pressing the rubber tube in one 
or two places in addition to keeping its end tightly closed. 
A little practice will enable the operator to cast phosphorus 
eofely and quickly. It is extremely important in dealing 
with such an inflammable material as phosphorus that it 



148 THB PBACTICAL ANALYSIS OF COAL GAS. 

shoDld be handled always Doder cold water, and nerer be 
left exposed to the air for many seconds. 

The absorption of oxygen is carried out exactly as 
previoDsly described. 

The carbon- monoxide (CO) is absorbed in a donbie pipette, 
as shown in fig. 01. The two bnlbs on the right contain 
water, whilst the two bnlbs on the left attached to the 
capillary tube oontaia the onprooa chloride and hydro- 
chloric acid. In manipulating this pipette great care should 
be taken not to pass the caprotts chloride over into the 
water bulb If this be done, a whits precipitate of cnproa« 
chloride will be formed in the water chamber, and if Left 
may block up the passage between the water bulbs. With 
this additional caution, the work may be continued as 
previously described. 

We have now absorbed fonr of the constitaents of the gas, 
and we have a residue of hydn^ien and marsh goo. To 
evaluate these quantities an entirely different method is 
employed. 

To effect the explosion of the hydrogen and marsh gases, 
a pipette of the form shown in fig. go is used, having two 
platinum wires fused into the bulb B, terminating in 
sparking points on the inside of the bulb. See that the 
bulb B and the capillary tube C are filled with water. 
Then drive from the burette 10 c.c. of the residue into the 
pipette. Then, either by emptying the burette, or, pre- 
ferably, by using a second burette, drive seven times tho 
volume of air — that is, TO cc. of pure air — into the pipette, 
as a supply of oxygen for the explosion. It will be 
found that this charge occupies about half the volnmt^ 
of B. This should not be exceeded. By means of 
a bichromate battery and induction coil send a spark 
through the explosive gas, and violent combustion will 
follow. On account of the sudden pressure, it is well to 
bind the rubber connection to the pipette with wira Some- 
times a glass atop cock is provided between the chambers 
A and B. If so, this cock must be open when the explosion 
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takes place, or the bulb B will be broken hj the pressure. 
After the explosion measure the volnme of the remftining 
^as by drawing it back into the burette, observing the 
cautions already given. It will be found that there is a 
considerable diminution in voluiue, due to the free hydrogen 
and the hydrogen in the marsh gas combining with oxygen 
of the air to form steam, which ultimately is condensed on 
the sides of the pipette to a negligible volume of water. 
The gases remaining after the explosion consist of carboa- 
dioxide — the result of the combustion— nitrogen, which was 
drawn in with the air, and an excess of oxygen above that 
required for the complete combostion of the hydrogen and 
marsh gas. It will be observed that the diminution in 
-volume after the explosion is due to the disappearance of 
gaseous hydrc^en from two constituents, namely, thn free 
hydrogen and that contained in the marsh gas. It is known 
that one volume of marsh gas when completely burnt with 
' oxygen forms an equal volume of carbon- dioxida If, 
therefore, we absorb the carbon-dioxide by means of the 
c^anatic potash pipette, we shall obtain the volume of the 
COi formed by the explosion. This volume gives the 
required volume of marsh gas. The remainder of the 
diminution of volume after the explosion must therefore be 
due to combination of free hydrogen with oxygen. And we . 
know that one volume of oxygen combines with two volumes 
of hydrogen ; hence of the threo volumes disappearing due 
to hydrogen two-thirds of this contraction gives the 
volume of hydrogen. The nitrogen in the coal gas may be 
estimated *' by difiereuce." But it is preferable to absorb all 
the oxygen from the residue, and so obtain a residue of 
nitrogen only. The nitrogen contained in the air used for 
the explosion may be calculated, and subtracting this from 
the total remainder of nitrogen gives the volume due to the 
coal gas. 

As an example of the process, the following analysis of 
Tjeeds coal gas, obtained by the author in 1895, is fully 
worked out :— 
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to THE FBACTICAL AXALYBI9 OF COAL GAS. 

W c.e. ot Mai su wera tiik«a Into tha buretta. 
1- VoIdio* o( m^n la butaltq beffuv Any iroiutltuanU wera 

■baoTbadwu lOc.c. 

Toluma of ntar ia boratte aFter abaoi^oa oC earban- 

dioHdafCO,) 101 CO. 

Tberalon ralDma of CO, In M ca. ol «w1 KHS — 0*1 co. 

EqulnltDt lolumaorco, taieoc.corfcu - O'lic.c 

t, Voluma of wat^r In burette bsfora abuiptlon af nleflaea 

(C.H.) - 101 te. 

Toluma of water In buretta alter abaorptlon of olsflnea 

4. VcAoma of watar In tmretta befora abflorptloQ of carbon- 

Tolnma ol watar la buretta aftar abaorptloa ot cnrbon- 

monoTlda (CO) ...._ - Mfl cc. 

Ttiarefori Toluma of CO In M o.o. olooalgaa n Vl o.i', 

10 0.0. ol roidue wera takoo Into boretto, and mUcd »Ub 
SO CO. of air; henca— 

Volmna ot watar in bnretta befora oiploaloo ■ IDc.c. 

Voluma of watar In buretta aftar aiptnlDa - 28 o.i^ 

Tharelora total DOUtractioD In Tolamawaa 10 co. 

Volume of water In bnrette bafora abKirbtng CO, foRnad by 

oiploaion — M o.c 

Volumo ol watar la burette after abHOrUaff CQf lormod by 

Tliarefore CO, - 47— that l«, ■rolumo ol OH, iD 10 o.o. ol 

But U 100 cc ot coal ^aa bad been takea Into burette, then (be total 
raildna ol CH, and hydrogen would have bccu— 
100 -(0-11 + 877 + 82!) 
■ 100 - 11-10 
- SS-9 residue of CH. and H. 



Thnalore tba total 0! 



Now, we have eeeu that one volnme of OH4 combinea 
with two volnmea of O3 to form one volume of COg and two 
voinmes of HgO. The two volnmes of H^O condeime to 
w«ter, and are quite negligible. Therefore we aee that th» 
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diminution in volume due to CH4 in the exploded gasea U 
eqaal to tvioe the volume of CO^ formed by the combaBtion. 

Yolume of CO^ absorbed from products of combustion 

- 47 C.C. 

Total contraction of volume after explosion ■• 10 ce. 
Therefore contraction due to free hydrogen 

=■ total contraction - contraction due to CH4 

- 16 - 47 X 2 - 16 - 94 =- 06 cc. 

Now, two volumes of hydrogen combine with one volume 
of oxygen, and all three volumes disappear after the steam 
formed by combustion is condensed. It is evident, therefore, 
that out of the 6'6 c.c of contracted volume only two-thirda 
was free hydrogen. 

The volume of hydrogen in 10 c.c. of residue 
- 6'6 X I - 4-4 

Therefore the volume of hydrogen in total residue, 
namely, 

88-9 O.C. - 4-4 X ^ - 3!>IL 

Out of 10 cc of residue we have obtained 4*4 hydrogen 
and 47 CHf, which together make up 91 c.c. ; the remaining 
0'9c.o. should be the volume of nitrogen in the coal gas. 
Therefore, by difference, the nitrc^n amounts to 

0-9 X ?5^ = 8« C.C. (nearly). 

Bat our analysis ought to be further checked, and we will 
proceed to estimate the nitrogen by direct measuremenL 

Our residue now consists of nitrogen due to coal gas + 
nitrogen due to air taken in for the explosion + excess of 
oxygen in the air not required to complete the combustion. 

If we absorb the excess of oxygen, we shall at on(» obtain 
the whole volume of nitrogen present. 

deferring to last reading of burette, wo find— 



■ gilizodb, Google 
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Tolnme of crater in burette before absorbing oxygen, 

307CC. 
Volume of water in burette aft«r absorbing oxygen, 

35 9CC. 
Therefore exceu of oxygen = 62 c.c 
Therefore the total nitrogen left in burette - 100 - 35*9 
- C41 0.C 
The percentile of nitrogen in air ia approximately 79 per 
cent ; therefore out of 80 cc. taken into burette the 
nitrogen 

= 80 X ^ - 63-2 ca 
100 

Therefore the volame of nitrogen due to the coal gaa 

= C4-1 - 63-2 = 0-ft C.C. (nearly). 
This agrees with our determination by difference ; hence 
we know onr analysis to be very approximately correct. 
Collecting our resulto, we get— 
Volume per cent of COg = Oil 
,, .. C.Hj - 277 

„ „ 0= 0-00 

„ „ CO = 8-22 

H = 3Hll 
CHi = 41 78 
„ „ N — 8 00 (by direct measurement) 

99-99 error 001,* 

The various producer gases may be analysed by Hempel's 
apparatus in the manner described The following tables 
give the composition of coal and producer gases analysed in 
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connectioii with gas-engine trials. It will be nnderatood 
that the figures given below refer to particnlar aamplet of 
town gfises, and that the daily variation in the compositioa 
always necessitates an analysis when the constitnenta of the 
gas are required with accuracy. 
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Obsat Gas Sahpliho Appabatds. 

A portable uul convenient arningenient for gaa analysis 
U tbftt known u the Ora»t appai-ataa. This ia illnatrated 
in Fig. 94, and consists of a water- jacketed barette per- 
manently attached to the pipettes, nsually fonr in number. 
The apparatoB ia deaigned more particnlarly for the analysis 
of famace gaaes, bat coal gas may readily be analysed by 
using in addition to the pipettes permanently attached snch 
oihers in the Hempel form as may be necessary. 

The pipett«a A,B, C, contain respectively potassi am hydrate, 
phoephoniB, and cnproas chloride, the latter dissolved in 
hydrochloric acid. The pipette C, contains water, and acta 
merely aa a reaervoir. Producer gaaes yield only traces of 
olefisnt gas, and except in very special cases this may be 
neglected. The constituents to be determined in producer 
gases are Hydrogen, occasionally Marsh gas. Carbonic oxide 
and Carbonic acid. For the determination of such con- 
atitaents, the apparatas aa shown in the drawing is all that 
is necessary, and we may proceed to describe its manipala- 
tion in testing a sample of Dowson gas. 

Before attempting to use the apparatus all the glass plags 
ahonid be withdrawn and covered with a thin coating of 
vBselene. If the plugs should be stuck, they may be loosened 
by applying hot wet cloths to them, at the same time patting 
H little methylated spirit on the plug, so that as much as 
possible will find its way between the adhering sarfaces. 
When the plugs are withdrawn for greasing, the liqaid in 
the pipettes will fall to a lower level When the stoppers 
are replaced the liquid in each pipette maat be drawn up 
into the capillary tube in which the pipette terminates. It 
ia convenient to draw the liquid to a datum point just below 
the indiarabber connection under the cock. The measuring 
barette D is gradaated in cubic centimetres, and ia wator- 
jacketed to prevent fluctaations in temperature during the 
analysis. The burette is connected at its lower end by a 
flexible tabe to the levelling bottle. Thus by raising the 
level bottle and opening the three-way cock E to discharge 
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through the outlet F, the vRter from the bottle is made to 
flow into the burette and so displace its gaseous contents 
into the atmosphere. The burette cock is now turned 
through a right angle to connect the burette with the 
horizontal tube from which the branches commuQicate 
irith the various pipettes, and close the diechari^e to the 
atmosphere. In order to draw the liquid in the pipettes 
up to the desired level, the pipette cocks should be opened 
in turn, and the level bottle (being held in the hand) 



lowered until the liquid is drawn up to the datum point. 
This being done for each pipeite, fill the burette with water 
up to its stop cock hj raising the level bottle, and the 
apparatus will be ready for use. The cock G controls the 
iolet to the apparatu', and for convenience has a branch to 
the atmoBphpre at H. The sampling pipe leading to the 
producer is attached to the horizontal capillary tube by 
means of a ^in. tube packed loosely with cotton wool. Thid 
acts as a filter and traps any dust that might qniokl; block 



■,.,.,Coog[c 



l-'l) 0E3AT UA9 3AJ1PLIXG APrAEATUS. 

the capilUry tnbes. Id the illaslration a pump is shown 
attached to the branch H, and the controlling cock G la in 
the position for pumping the gasea through the aampliDg 
pipe. Having made certain that all the air is drawn from 
the sampling pipe, and that the gas to be sampled has 
reached the apparatus, the pumpInK is discontinaed, and 
the cock turned through a right angle so as to afford a 
communication with the burette and at the same time to cat 
off that to the atmosphere. When the water in the burette 
has fallen below the zero point the cock G is again placed in 
the position for pnmping, which motion traps the sample 
now drawn into the burette. In order to obtain just 100 
cr's of gas, the level bottle should be raised and the gaaes 
compressed up to the zero point in the burette. This done, 
the rubber connection should be between the bottle, and the 
burette should be squeezed between the fingers to retain the 
water in the burette, while the cock £ ia momentarily 
opened to the atmosphere to allow the excess of pressure tio 
escape. We now have a sample of 100 cubic centimetres of 
gas at atmospheric pressure, and all farther meaBurementB 
of volume must be made at this pressure hy holding the 
bottle so that the water in it is at the same level as that in 
the burette. 

The level bottle is now raised and the cock opened to the 
pipette A, and the whole volume of gas is driven over into 
it. In from five to ten minutes the carbonic acid gas will 
be absorbed from the sample by contact with the potassium 
hydrate solution, and the contraction of volume is then 
measured by drawing the gas back to the burette until the 
liquid in the pipette reaches the datum point. Time should 
be given for the drops of water in the burette to nrn down, 
then, the level bottle being raised as above described to 
obtain the reading at atmospheric pressure, the height of 
water in the burette may be read off. In the case of Dowaoa 
gas the reading will be about G, thus indicating that of the 
100 cubic centimetres drawn into the burette G, or 6 per cent- 
is the proportion of CO;, In a precisely similar manner. 
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the oxygen ia treated by the phoaphonis. Of oxygen there 
Bhonid be none, and if any be fonnd in the eample of DowBon 
gaa there are grounds tor the anspicion that the sampling 
pipe has leaked and admitted air. Carbonic oxide, hydrogen, 
and nitrt^en form the remaining congtitn tents of Dowson 
gas. There will be leaa than C per cent of marsh gas and 
defiant gas together, bnt in moat cases, as we have aaid, 
theae may be neglected. The carbonic oxide may h» 
determined by absorption in pipette C, bat where only 
hydrogen and carbonic oxide be present it will be more 
convenient to determine their proportions by oombostion at 
one operation instead of by absorbing the CO, which takes 
considerable time and is not always satisfactory. In order 
to carry this ont a small volume of the residue is reqnired,^ 
bnt it is well to leave the remainder of the sample in the 
oxygen pipette so that more than one combnation determi- 
nation may be made. With the Orsat gear it is always 
advisable to nae the lower part of the bnrette when possible,, 
as the readings in the npper part cannot be as accurately 
made owing to the enlargement of the bnrette at its npper 
end. This being so, it is better to draw into the bnrette aay 
00 c.c.'s of air, after putting the whole residue into the 
phosphorns pipette. Having measured the 90 of air at 
atmospheric pressure, take in the 10 c.c.'s of residue. The 
mixture in the pipette having now got a supply of oxygun 
is combustible. The products of the combustion will be a 
certain volume of CO^, resulting from the burning of the 
CO, and a certain volume of steam will be formed due to 
the hydrogen. This latter will condense and result in a 
diminution of volume which will afterwards be measured. 
The CO2 produced will be determined by its absorption and 
BO the proportion of each gas, namely, hydrogen and carbonic 
oxide, be determined. 

The combustion of the mixture is effected by means of 
palladium asbestos placed in the combustion tube T. This 
tube ia heated by a spirit lamp flame, and when in this con- 
dition the gas from the burette is passed through the tube 
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into the pipette containing mere); water and acting as a 
reservoir. In passing through the heated paUadinm the 
combastibles in tLe gas are brought into clode contact with 
the oxygen and combnstion is effected. The gases are then 
drawn back into the barette and the diminution of Tolnme 
ie read off. The CO2 formed by the combustion is then 
measured by absorption. The following figures will render 
the calcnlations necessary easily followed : — 

Peactical Analysis of sample of Dowson Gas 
IN THE Oksat Apparatus. 

100 cubic centimetres at atmospheric pressure drawn into 
burette. 

Reading before absorbing COj — 100. After absorption, 
94 .'. CO2 - 6 per cent 

Reading before absorbing — 94. After absorption, 94 .'. 
O = ml. 

94 C.C. returned to oxygen pipette, and 90 cc- of air drawn 
inte burette plus 10 cc, of residue from oxygen pipette. 
Reading before combuatiou=10p. After combnstion, 95'9 .". 
contraction — 4'1. Reading before absorbing CO; (formed 
by combustion of CO) = 95-9. After absorption, 934 ,-. 26 
c c. of COj. Now 100 cc. of CO will give 100 cc. of COa 
by combustion with 50 cc of oxygen .'. it is evident that 
there mast have been 2'5 cc of CO in the 10 cc of residue 
burnt The total residue was 94 cc .'. 2'5 x ~ » total toL 
of CO in 100 vols, of Dowson gas = 23 6 per cent 

In burning the CO te CO2 a volume of oxygen equal to 
half the volume of CO disappears, .'. 1'25 cc of contraction 
is due to the combustion of the CO. The total contraction 
was 41 .'. contraction due to hydrogen and oxygen was 41 - 
1'25 = 2'85 cc Of this contraction only ^^ represents 
Tolumeof hydrogen present .■,2-86 >^-^= I'Svols. of hydrogen 
in 10 cc of residue Therefore in total residue we have 1'9 

Collecting the results, and estimating the nitrogen by 

difference, we have — 

COj •= 60 per cent 

CO = 23-0 per cent 

H — 17-8peroent -.■■w^yv^ 

N = 527 per cent 
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CHAPTER XIV. 
Calcplations Required in Workisq Out Ebsulis of 

Engine Tkials. 
The most important deductions to be made from the 
analjais of the gases nsed are— (1) The quantity of air 
reqairod for complete combaatioa ; (2) to obtain the oaloriiic 
value of the gaa ; (3) to calculate the specific heat of the 
waste gaaes. Of these the two first mentioned are of the 
greatest importance from a commercial standpoint. The 
loss of heat in the waste gases ie dilBcult to determine with 
accuracy, and where the temperature of the gases is only 
approximately known it is an absurd refinement to oalcnlata 
the specific heat of the gases to three places of decimals. 

For the complete explanation of the reactions which take 
place between the constituents of coal gas and oxygen, the 
reader is referred to any modern elementary text-book on 
chemistry. A knowledge of the facts set forth in the 
following table enables ns to work oat the theoretical 
quantity of air required for combustion. 

The nitrogen, carbon- dioxide, and oxygen are not oom- 
bustiblei Strictly, the oxygen contained in the coal gai 
should be deducted from that quantity given in column (h}, 
but the oxygen ia usually in such small quantities aa to be 
quite negligible. 

Air is composed of 23 per cent of oxygen and 77 per cent 
of nitrogen by weight ; therefore the weight of air required 
per pound of coal gas will be 

289 ^ i^ - 12-6. 

In other words, the proportion of air to gas by weight (or 
complete combustion is equal to 12'5 to 1. One cubic foot 
of air weighs 008082 lb. Hence the proportion of air to gas 
by volume equals 572 to 1. It must be remembered that 
all these figures are worked out for a temperature of 32 deg. 
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Fab. aod » pressure of 14'7 lb. per sqaare inch abeolnte. Aoj 
increase of presaare causes an increase in density — tbat 
i^ an increase in weight per unit Tolame, Conversely, 
an; increase in temperature causes a decrease in deositj 
whea the pressnre remains constant — that is, decrease in the 
weight per nnit volume. 
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From thoee data the tomilning columns may be filled In. 

Column (t).— Multiply flguroi io onlumn (a| by thoaa in coli 

Column (/) — IhlH gliea tha proportion at walght of oooi 
sihI gOM. Tbeao flgurea Ira found by dividing tha weight of. 
oolumn (i) by the total weight of one cubic foot of coal gu. 

Ooluran (ifX— Theso figures ace tie products o( (c) x (i). 

Column (A).— ThoM llg-irea Hre tha product ol (J) X </). 
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The calorifio value of the gas, m given in colamn (ff), 
ahaald agree with the experimeDt&l determiuatioii by 
Junker's calorimeter when both are reduced to the same 
at>iDdard. The calorific value for hydrogen is given minoa 
the latent heat taken np in the formation of steam ; therefore 
no correction need be made, as described in the text relating 
to Junker's calorimeter. 

It is sometimes of interest to calculate the maximnm 
temperature possible dnrii^ the combustion of the mixture 
in the cylinder. To do this we require to know the thermal 
value of the charge of gas, the specific heat at constant 
volume, and the weight of the whole charge. The volume 
of gas entering the cylinder per cycle is easily obtained 
from the gas-meter readings. We will now proceed to find 
the specific heats of various mixtures of coal gas and air for 
the sample tabulated in the above table. First, to find the 
apeciiic heat of the coal gas. The following table gives the 
data required : — 
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Takii^ the specific heat of air as 0168 at constant Tolame, 
we will next work ont the specific heats of the following 
mix tares of air and gas : — 



VolulDe ol Hr to gM. 


8p«lfloh«trfn,l.tut8 
at ucuutut TQlume. 


by weight. 


0-1 





m 


W,. U 1 


I— 1 





ise 


ia-8£ to I 


8—1 




.34 


lT-61 to 1 


10-1 





lei 


21-89 to 1 


11-1 





ISO 


84-07 to 1 


1.-1 





17» 


^.-sato. 


14-1 




178 


SO-84 to 1 


15-1 





1T7 


SS-8S to 1 



First find the proportion of air to gas hy weight. The 
ratio of the we^ht of one cubic foot of air to one of gas 



oua(>9 

Therefore proportion of 6 to 1 mixtnre by weight — 6 x 
2189 to 1 = 13134 to 1. The other figures are similarly 
calcnlated. 

Proceeding now to obtain the specific heat of a 6 to 1 
mixtare^ we have (proportion by weight of air) x (specific 
heat of air) + (proportion by weight of gas) x (specific heat 
of gas) H- (total weight of air -f- gas). This, in figures, 

( 1313 X 168 ) + (1 X 0'47 3)_ 2-205 + 0-473 ^ 2 678 „.,„- 
1313 -f 1 14 13 14 13 " 

Similarly the remaining figures in the above table ate 
arrived at. 

The specific heat of any mixtnre may be determined 
Bpproximat«ly by a formula known as Grashof s formula. 
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The forninla is based npoa a mean specific heat for coal gas. 
aBanming that its constituents seTer vary in their proportion 
one to the other. 

Let cv — specific heat of mixtare at a constant volume. 
B = ratio of vols, of air to gas in the mixture ; 
,h=„ • .- ^ R >^ 0-108 + 0331; 



I'ntting in valnes for the above ease, already worked oat 
from the exact data, we obtain, 

^ i X 0168 + 0-226 

i + 0-415 
^ 1-234 
"" 6-415 
= 0;192, 

the error in this instance amounting to about 1} per cent 

The following will serve as an example of the use of these 
figures, nntil we come to oonsideration of the indicator 
dii^ram. 

Suppose 6 cubic feet of air to be mixed with 1 cubic foot 
of the coal gas given in the previous analysis. What would 
be the maximum temperature possible when the explosion 
takes place at 32 deg. Fah. and 14-7 lb. pressure ! 

Data required.— {1) Specific heat of mixture ; (2) weight 
of mixture ; (3) calorific value of the gas. 

Then temperature 

_ 22 J, total heat present 

weight of mixture x speciEc heat 



0-521 X 0189 
= 32 + 6320 (nearly) 
•= 6362 deg. Fah. 

In a gas engine the theoretical temperature is never 
recorded by the indicator card, as there is a very rapid 
transmission of heat through the walls of the cylinder. 
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CHAPTER XV. 

CaI£17IATI0NS on THE INDICATOR DlAQKAH. 

The Indicator Diagram. — We hftve already considered the 
means and method of actnallj taking an indicator diagram. 
Jt now remains to be shown what results may be obtained 
from it by simple calcalations. The indicator diagran> 
famishes information upon the foIlowiDg points, which w^e 
will consider in order : (1) The indicated horse power ; (2^ 
the valve setting ; (3) the initial, maximum, and exhaust 
temperatures ; (4) the nature of the expansion and com- 
pression curves. 

Although the indicated horse power of a gas engine is- 
never a very certain quantity, it is always calculated in gas- 
engine trials. The inertia of the indicator levers, the effects 
of high temperature upon the indicator spring, and the 
difficulty in obtaining a true average from a number of 
diagrams when the ei^iae is mnning below its full load, all 
contribute towards inaccuracy. For these reasons the ratio 
of brake horse power to indicated horse power cannot always, 
be relied upon as correct. High mechanical efficiencies of 
gas engines must, therefore, be regarded with suspicion 
unless we have complete access to all the details of the teat. 

The indicated horse power is found as follows : — 
Let I ^ the indicated horse power. 

P => mean pressure per square inch on the piston. 
L = length of stroke in feet. 
E — number of explosions per minute. 
A ~ area of cylinder in square inches. 
Then j_ LE AP 

33000 ■ 

In working out a number of diagrams from one engine, it 
will be found convenient to work out in decimal form thp 
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fraction ■ ■, and record thia onse for all as the engine 

constant. 

The factor 'we require to determine from the diagram ia 
' the mean pressure per square inch. Vertical meagnremente 
give pressures, and horizontal meaaureinenta distances; 
hence the length of an ordinate measured with the scale of 
pressures gives the pressure per square inch at a particular 
point of the stroke. If the pressure remained constant 
throughout the whole stroke, the diagram would become a 
rectangle, and the product of pressure and distance vould give 
the work done. From this we see that the length x breadth, 
or area of the diagram, represents to some scale the work 
done per stroke. We may therefore find the mean pressure 
apon the piston, either by getting the average height of a 
Bet of eqaidist«nt ordinatea, or by dividing the area of the 
diagram by the length. 

To facilitate the work of findii^ the mean height, 
instruments commonly known as averagers are used. 
Before illustrating these we will briefly describe the moat 
expeditious way of calculating the mean height without 
special instruments. 

Divide the diagram into ten equal vertical strips. Sub- 
divide each of these by a dotted line passing through their 
centres. It is required to find the average height of these 
dotted lines. Take a strip of paper, and mark ofi upon its 
edge the length of the first ordinate, then add to this the 
Length of the second by applying the paper to the second 
ordinate In this way we obtain the sum of the lengths of 
the ordinates. Measure this with a rule divided into inches 
and tenths. Suppose this gives us 508 in., we know that 
the average height will be 0508 in. If the diagram be taken 
with a 100 spring, our mean pressure becomes 508 lb, per 
square inch. When a number of diim;rama are to be dealt 
with, it will be found convenient to construct a set of tea 
converging lines upon tracing paper. By applying this to 
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the indicator diagranu, the ten ordinateB maj readily be 
pricked oft 

Where a great deal of testing is done, the work will be 
mnch facilitated by the nae of an averager for obtaining 
mean presaurea. Of theae we ahall ^escribe ver; briefly the 
two mo«t commonlr naed, viz-, the Goodman and Coffin 
averagers. 



Goodman's averager ia ahown in fig. 95, and is supplied 
by MesarB. Jackson Brothers, Leeds. The tracing point is 
fixed to the horizontal bar. The other leg of the instrument 
is carefalty gronnd to a knife edge in snch a way that the 
edge, if produced, wonld pass through the tracing point. 
The distance between the knife edge and the tracing point is 
adjustable by sliding the former along the horizontal bar, 
by means of which the instrument is set to the exact 
length of the diagram to be measnred. Suppose the diagram, 
fig. 96, is to be measured. Choose a point A somewhere 
about the centre of the figure, and draw any line A B to meet 
me boundary. The tracing point is placed upon A, and the 
the ttatcnet end put so that the mean position of the instrn- 
ment is roughly square with A 6, as shown at X. The position 
of X is marked by pressing the knife edge upon the paper. 
Now take the tracing point lightly in the fingers, so that the 
movement of the hatchet end is not controlled by the pres- 
sure of the hand. Travel from A to B, then follow the 
direction of the arrows round the boundary of the figure, 
aay in a clockwise direction, returning to the point B, 
thence back to A. The knife edge will then occupy a new 
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position at Y, which is marked u Wor«. The indicator 
diagram ahonld now be tamed abont the point A through 
180 deg. The figure is again traced b^ the point, but 
this time in a contra-clockwise direction, following the 
dotted outline, fig. 96. When the point returns t^ain to A 
the hatchet will have travelled back towards X, say to Xi- 
The mean side movement of the hatchet end gives at ono>. 
the avenge height of the diagram. Thos, sappose the 
dbtance from Y to the dot between X and X^ is meaanred 
off as 0'56in.; then this is the average height of the dii^ram, 
and mnltiplying 0'56 b; the scale of pressures gives the 
mean pressure upon the piston. 




The ordinary hatchet planimeter was invented by Captain 
Frjtz, of Copenhagen, bat its use involved calcalationB far too 
tedious for practical men. Profeaaor Qoodman has embodied 
these calculations on a scale marked upon his hatchet plani- 
meter, which enables an area to be measured by reading oil 
the side travel of the hatchet end as so many square inches 



marked apon the scale. The averager deicribed is so 
ftrranged that the area of the figure traversed hy the bonn- 
lar; is equal to the side travel of the hatchet mnltiplied 
by the length of the diagram. The complete theory of these 
instrnmenta is beyond the province of this work ; we may, 
however, refer those interested to the pages (rf Engijuering, 
vol Ivii., page 687, also toL Ixii., page 225. 

Before leaviog the subject, it is is well to point out that 
accuracy can only be obtained by oarefnl manipulation. 
The instrument should be carefully set to the total length 
of the diagram to be meastired. The hatchet end should 
travel on a good surface, such as drawing or blotting paper, 
and, finally, the diagram should always be reversed so that 
the mean travel of the instrnmetit may be read ofil With 
these precautions Goodman's averager will be found valuable 
in quickly determining the average pressures. It further 
possesses the important advantages that it is not liable to 
derangement by rough usage, and it is procurable at a price 
far below that of any other instrument used for the same 
purpose. 

Tlie Coffin averager supplied by the Qlobe Engineering 
Company, Manchester, is illustrated in fig. 97. This in- 
strument consists of a bar, carrying a recording wheel, 
having a tracing point at one end, and a pin at the other 
end, moving in a vertical slot. The only movable parts are 
the bar, with its wheel and the vertical sliding piece, marked 
K. The diagram to be measured is placed apon th^ 
instrument as shown in the illustratioa The atmospheric 
line should be parallel with the edge of the square marked 
B. The vertical edges, marked C and E, should nearly touch 
the extremities of the diagram, The tracing point D, when 
moved down the inner edge of K, should then coincide with 
the extremity of the diagnun. The weight W is intended 
to keep the instrument from lifting out of the slot when in 
use. The recording wheel runs upon a piece of paper 
fastened to the board upon which the other parts are 
mounted. 
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Karing placed the diagram Ja position, make an indenta- 
Uon at its extreme end, as at E, witti the tracing point D, 
at the same time setting the vheel to zero. Then trace out 



Fio. ei. 
the diagram by moving in a dockwiK direction, until return- 
ing to the point K The area of the diagram maj now be 
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Tftnd off in square inches upon the wheel and its vernier 
Bcale. We, however, require the mean height of the diagram ; 
hence, if we move the pointer D upwards along the inner 
edge of E until the wheel returns to zero, this vertical 
distance £ A will give the mean height. This distance 
Rhonid be measured with the scale of pressures corresponding 
to the spring used in taking the diagram. The distance 
A E, as found by this instrument, would be the same as the 
mean-side travel of the Goodman averager, and might be 
measured in inches, and then multiplied by the scale of the 
spring. 

The well-known Amsler's planimeter is often used for 
determining the area of indicator diagrams. It is, however, 
much more convenient to use one of the instruments above 
described, as they are specially designed for the purpose, 
whereas Amsler's planimeter is designed for measuring 
much larger areas than usually obtained on indicator 
diagrams. 

We have already incidentally touched upon the defects 
of diagrams occasioned by bad valve setting. A weak- 
spring diagram is necessary to show the action of the inlet 
valves. These valves, being too small or not having 
sufficient lift, will cause the suction line of the diagram to 
fall below the atmospheric line. Late admission of the inlet 
valves would, of course, be shown by a marked depression 
of the suction line at the early part of the stroke. When 
the valves opened the suction line would rise towards the 
atmospheric. 

With respect to the exhaust, a frequent fault is its late 
opening. This is invariably caused by the wear of the 
spindle. An adjusting screw is provided on the lifting 
lever, so that the lead of the exhaust valve may be 
increased. The effect on the diagram is to give a sharp 
point to the toe, with a falling exhaust line. 

The next point to be considered is the temperature of the 
gases in the cylinder during the working stroke. We have 
already stated that without very special apparatui the 
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temperature of the ezhaast gases oannot be measured 
experimentally. It is, lio'veyer, customarj to famish in 
reports of engine trials an accoant of the heat distribotion. 
For this reason we reqnire to know the temperature of the 
exhaust gases, so that we may determine approximately the 
heat thrown away as the exhaust gases pass into the 
atmosphere. 

It is osnally asaumed that the following law holds under 
the conditions in a gas-engine cylinder. When P = 
absotnte pressure, V -■ volume, and T =• absolute tem- 
perature, we have 

P V 

%^ — constant. 

If, therefore, we determine one set of values for P, T, and 
T, we oan calculate corresponding values for any point on 
the diagram. The values of F and V are easily measured 
from the diagram, but at no time is the value of T actually 
known. We do know, however, the temperature of the 
jacket water, and it is certain that the innpr walls of the 
cylinder will be hotter than the jacket water. Then, again, 
exhaust gases left in the clearance volume of the cylinder 
will help to raise the temperature of the cold incoming 
mixture. As a compromise, it may be assumed that the 
temperature of the incoming mixture, before compression 
commences, is 5 deg. Fah. above that of the jacket water. 

Suppose the following data obtained: Engine clearance, 
30 per cent ; length of indicator diagram, 3'6 in. ; pressure 
during the instroke obtained from weak-spring diagram, 
13'5 lb. absolute per square inch ; temperature of jacket 
water, 150 deg. Fab. Let the exhaust take place at 0*9 of 
the stroke, tmd let the pressure measured off from the 
atmospheric line at the moment of exhaust be 25 lb. 

Horizontal measurements on the indicator diagram repre- 
sent distances travelled by the piston ; but the piston 
diameter being constant, these same measurements may also 
be taken to represent volumes swept out by the piston ; 
3 5 in. therefore represents the working volume of the 
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cylinder. The clearaucfl Tolome is known to be 30 per cent 
of this. ; thuB the whole volnme ia represented by a length of 



Value of V when exhaoat vctlve opeoa may be measured 
from the diagram. In onr data it becomes 



(35x01,) + («x »), 



which equals 416. The valae of P in pounds per sqnare 
inch absolate = 25 + 147 = 397 ; 

therefore T = ^^Ij" *'^^ 

= 1677 absolute 

= 1217 deg. Fah. 

The beat thrown away in the exhaust gases per minute 

will therefore be {temperatnre Fah.) x {weight of prodocts 

of combustion per mintit«) x (specific heat at a constant 

volume of prodticts of combustion). 

The specific heat at a constant volume, and at constant 
pressure, may be found by Grashoff's formulie. When It = 
ratio of air to gas by volume, 
specific beat of products at constant pressure 
^ 2375 X It + 343 . 
11 + 048 ' 

rpecifio heat of products at constant volume 
01'.84 X R + 0-28C 
R x"0-48 
The tempemture at any point on the indicator diagram 
may be found as above. Id calculating the maximum tem- 
perature, as shown on the indicator diagram, a correction 

* AbwluU tcmpeiature -^ CempBraiun tn d^g. Fab. plug MO. 
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for an increue of volnme should be made if the explosion 
line be other than perpendioalar. 

The maximam temperature of the gases as shown on the 
indicator diagram is little more than half the theoretical 
temperature possible. This is partly owing to the rapid 
transmisaion of heat through the walls of the cylinder lo the 
jacket, and partly to the fact that the whole of the heat is 
not evolved when the highest pressure is reached. From 
certain characteristics of the expansion curves it is probable 
that the burning of the gases continues after the maximum 
prfssure is arrived at. 

We have now discussed the deductions which are usually 
required to be made from the indicator diagram when 
reporting a gas-engine trial There are many other 
points of scientific interest. These are, however, rather 
beyond the scope of the present work, but are com- 
pletely diaoussed in a book recently published upon " Htat 
and Heat Engines," by Mr. W. C. Popplewell. 

Before leaving the subject of the indicator diagram, it 
may be well, for the sake of completeness, to state certain 
facts with respect to the expansion and compression curves, 
leaving those interested to pursue the question further. 

The equation to the expansion and compression curves is 
of the form P V" » constant. When the value of n is equal to 
speciflcheat of products of combustion at constant pressure 
specific heat of products of combustion at constant volume 
the expansion is adiabatic—that is, without loss or gain of 
heat through the cylinder walls. In a gas engine the wat«r 
jaoket is constantly abstracting heat from the walls ; hence 
we should expect to find the expansion curve much below 
the adiabati& This, however, is not the case ; indeed, in 
practice it is found that the expansion curve is sometimes 
above the adiabatic, though usually slightly below. In 
view of the fact that the maximum temperature of the 
explosion is little more than half the theoretical temperature 
p^BHible, and yet the expansion curve so nearly follows tbo 
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adiab&tio line, notwitbatauding the rapid loss of heat to the 
cylinder walla, it mnat be concluded that burning continnea 
long after the maziiuum presaare has been reached. 

The compression cart'e, as might be expected, is very 
nearly adiabatic. 



CHAPTER XVI. 
GA3-KS0INE Teiaj, Otto Cycle : Coal Gas Used, 

We have now ezpUined the apparatus required for a 
complete test of a gas engine, and we have discnfued various 
culcnlations in detaiL It now remains for us to go through 
the figures of a complete trial, which may be taken as a 
typical example of modern practice. 

Meaiurementa of Enqme. — 

Diameter of cylinder, 9 in. ; stroke, 18 in. 
Clearance volume of cylinder, 490 cubic inches. 
Diameter of brake wheel, 4 ft. 
Diameter of brake rope, 0*75 in. 

Weight of nnbalanced part of brake rope, including 
hook, 5 lb. 
NoTB. — Spring balance tested by dead weights, and fonnd 
to be reading 2 lb. in excess of real weight 

Mean. Semlts of ObteTvatiom taken during a Tvm Howri 
Tett.— 
Brake readings ( Spri-B balance (uncorrected), n5 lb 

I Load on brake (excluding hook), 25^ lb. 
Alean revolutions of engine by counter per minute, 160. 
Explosions per minute, 80. 

I* Total gas in cubic feet, 815. 
Oas-meter readings \ Temperature of meter, 65 deg. Fah. 
I Pressure in mains, 09 in. water. 
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|- Quantity (total), 1,8601b. 
Jacket water-| Inlet temperature, 58 deg. Fab. 

'.Outlet temperatare, 166 deg. Fah. 
Mean pressure on piston derived from indicator diagrams, 

80'51b. per square inch. 
Pressure when exhanst valve opens, 41 lb. per sqnare inch. 
Pressare at end of suction stroke, 13'8 lb. per sq. inch absolute. 
Exhaust commences at 88 per cent of working stroke. 
Barometric pressure, 15 lb. per square inch. 
Calorific value of gas per cabic foot obtained by JunkerVi 

calorimeter at a pressure of 0'9 in. water -m 615 B.T.U. 
Temperature of calorimeter meter, 65 deg, Fah. 

Calculation of Results from above Data. 
TTJP 9° X 07854 >c 1-6 X 80o x 80 mc 

Lap. 330O ^^^- 

B.H.P. Corrected spring balance reading ■■ 17*5 - 2 
= 15 51b. 
Total load on brake = 255 + 5 = SWlb. 
Net load on brake - 244 '5 lb. 

0"75 
Effective diameter of brake wheel — 4 + -jg ft, 

= 4-002 ft. 

4-062 X 3- 14 X 160 x 244-5 
33000 

B.ap. . 



Mechanical efficiency — 



= 81-2 per cent. 

Gax Used per I.H.P. Hour. — Total consumption of gaa 
uncorrected for pressure and temperature — 815 cubic feet. 
CooBumption reduced to 32 deg. Fab. and 14'71b. per square 

= 815 X 33 + 460 15 + (0-434 x 0-076) - 

65 + 460 14-7 
" 781 cubic feet (corrected). . . 

D^Lizodb, Google 



llt> OAS-ENGIXE TRIAL. 

Om lued per LH.F. hooF (radaced to 32 deg. and 1471b.> 

_ '^^ . - 21 cubic feet 

Qu nied per B.H.P. honr (redaoed to 32 deg. and 1471b.) 

. , '"' . 25ft 

a X lo 1 

Tbe rfttio of air to gu Bhoatd be determined from an 
uiftljrais of the produoti of oombnition. When not done in 
this wftj, acooant mut be taken of the temperatore and 
premre of the gaa at the end of the aaction stroke. The 
temperature ia difficult to determine with precision, but is 
■uaallr Minmed to be eqnal to that of the outlet jacket 
water. Under this asinrnption the following figures give 
the ratio of air to gas by voltune. 

Volume of gas per cycle (corrected for temperature and 
pressure at end of suction stroke) 

- . ^81 ^ 147 ^ m+jm _ 0108 cubic feet 

BO X 3 X 00 la S 3JJ + 41W 

Working volume of cylinder + clearance volume =0 047 c. ft 

Volume of air per cycle - 0047 - O'lOS = 0839 cubic feet. 

llatio of air to gas = 77 to 1. 

Note. — When the engine is worked without a scavenging 

device the working volume only is considered. 

Specific heat of products of combustion at constant volume 
(by Graahoff's formula) 

0-168 X 7 2 + 0B8G ^ qior. 
7-:i + U43 
Temperature of Exhaust Gases, by Calculation/rom Indicator 
ZJtoffram.— ^Temperature of gsses before compreHsion com- 
mences, assumed as temperature of jacket water + 5 deg., 
= 155 + 5 = 160. 

Total volume of cylinder = clearance volume + workinfi 
volume 

- 490 + 1145 - 1C35 cubic inches, 
■■ 0'048 cubic feet 
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-™- " — s(i— when P " preBBnre (abaolrtte). 
V = volume (total), 
T ™ temperature (abaolnte). 
Filling in values — 

P = 138 lb. per square inch absolute, 
V -= 948 cnbio feet. 
T - ICO + 460 - 620. 

P' — pTeasnre when exhaust valve opeoi — 14? + 4L 
V ~ (1145 X 088) + 490 - 08C7 cubic feet 

Then 

rpi ^ TF^ V _ 5.i7 X 08C7 x 520 _ ,„^ 



13 8 X 0SM8 
Temperatnre = 1920 - 400 -= 1400 deg. Fsh. 

Beat Loit in Exkaiut b'ases.— Weight of 1 cubic foot of 
coal gaa — 0*0369. Air weighs 203 more than coal gaa 
Therefore weight of charge per cycle 



f O03CO X 2-03 X 72 j. Q-03G9 \ 
82 



_ P^^ I VUO»;> « ^OO A ,^ ^ VV2^ I ^ p^gj jj^ 



Heat lost in eithausb gasea per cycle 

- 0^1 X 1460 X 196 - 231 RT.U. 
Heat lost in exhaust gases per minute 

= 231 X 80 - 1848 B.T.U. 
Heat loit in jacket water jer minute 

a X uo 

ffeal equivalent of leork done in the cylinder 
- 18 6 >'_330QO ^ jgg g^^u_ 

Heat egnivtUent o/ work done on brake 

^ 15 6 X 33000 _ |.j , p 'p ij 
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Heat Beceived by JStigine per Minute. — Calorific T&tne of 
gas, AB given by calorimeter, and corrected for hfdrogeD 
only — 616 B.T.U. Correcting for preuare and tempera- 
ture, we have- 
Colorific value at 32 deg. Fith. and 147 
-616X-J25. 147 . 

Heat received per minute by engine 

_ C40 X— ^^' - 416B B.T.U. 

H X (RP 

Heat efficiency, aa oalcolated on eqoivale&t of work done 
in cylinder, 

= ™ = 0-18G = 19 per cent 

I/i at efficiency, as calculated on work done on brake, 

= ^* - 151 = 154 per cent. 

Heat Accodnt. 



Heat received by engine 
per minate 4,165 



Tliermal equivalent of 

work done 7ft3 

Heat loat in jackets... l,Di)3 
Heat lost in ezliauBt 
gaaee 1,84^ 



It is not unusual to find that the heat account gives a 
slight execM of heat accounted for. The temperature of the 
exhaust has been calculated at the point of opening of the 
vnlve — thatis,at 88 per cent of the working stroke. Someof 
this heat is transmitted to the jacket water, and is therefore 
measured twice. On the other hand, large losses due to 
radiation are not measured. As before stated, the tempera- 
ture of the exhaust gases is a rather uncertain quantity. 
It therefore not infrequently works out that a percentage 
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of heat is noacconnted for on one or other side of the heat 
acoonnt. 

During the proKress of a. trial it i> extremely luefal to 
plot all quantities as they are observed upon a large sheet 
of squared paper. Errors of observation are thos easily 
discovered in time to be rectified. A break in the plotted 
curves will indicate either a mistake in the readings or 
flactnations in the conditions of the trial It is importaat 
that Mther should be checked. The person responsible for 
the trial will leam more from a casual glance at thesecnrves 
than by attempting to check each observer individually. 



CHAPTER XVIL 

Gas-enoins Design. 

In irriting upon the subject of gas-engine design, it will be 
assumed that the general arrangements of a gas engine are 
already familiar to the reader. Hitherto the calculations 
required to determine the sizes of the various essential 
parts have been entirely excluded from the literature upon 
the subject. Considering the difference existing between 
the gas engine and the steam engine, it is important that 
calculations determining the proportions of the former 
should be dealt with quite independently. We propose, 
therefore, to work out, from data already established, the 
leading dimensions of a gas engine to develop 20 horse 
power on the brake. 

The mechanioal efficiency of a gas engine may reasonably 
be supposed to reach 80 per cent This is, of course, some- 
times exceeded, but it is wise to underestimate, as no engine 
will develop its highest efficiency unless perfectly adjusted, 
&ud in the exigencies of practice this should not be relied 
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opon. It, therefore, we atisnme 80 per cent mechanical 
tffioieiic;, we shall require a cpliader capable of developiiig 
—^ — 26 indicated horse power. 

In ateam-engine design, our next subject for considera- 
tion would be the maximnm boiler pressure at our disposaL 
From this, with due regard to the number of expansions per^ 
missible, we shotild ultimately draw a prospective indicator 
diagram, and so obtain the mean t ffeotive pressure per square 
inch of piston area. Now, the pressure obtained in a gas- 
engine cylinder depends upon three factors : (1) the mixture 
of air and gas ; (2) the quality of the gas ; (3) the density 
of the mixture before ignition takes phkce. A fourth 
factor — ^ namely, the mean working temperature of the 
cylinder— would, if variable, greatly bffect the pressure. 
The temperature is, however, necessarily reduced by the 
presence of the jacket water to an almost oonatant limit. 
Early designers of gas engines did not attempt high 
compression; thus, up to the year 1690, the compression 
seldom exceeded 401b. per square inch. This, however, has 
been gradually raised, until now the compression on small 
engines amounts to over 90 lb. per square inch. It is 
inadvisable to exceed, or even approach, this figure iu 
designing large power gas engines, say over 50 I.H.F., on 
account of the liability to ignition during the compression 
stroka 

This risk is, however, mnch reduced when a scavenging 
arrangement clears the hot gases from the combustion 
chamber, and replaces them with cooler air. In round 
nambeiB, we may take it that the maximum pressure 
obtained will be 3ti times the pressnre before ignition. 
Thus, compressing up to 60 lb. per square inch, we may 
expect, with the usual proportions of air to gas, a maximum 
pressure of 210 lb. Althongb this is the maximum pressure 
obtainable when running at full power, it must not be 
forgotten that when the governor cuts out the gas supply 
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for one or perbaps more cycles, a particalarlf dense mixtorii 
may be drawn into the cylinder. The ignition of a strong 
mixture may thus produce a maximum pressure far in 
excess of that calculated. For this reason a large margin is 
necessary. 

There is a marked eimilarity between all indicator 
diagrams from gas engines, and from a comparison of a large 
number of diagrams it will be found that the mean efiective 
pressure produced is roughly eqnal to 2 C - 001 C when 
C = compression in pounds per square inch above atmo- 
spheric pressure. These figures may be varied one way or 
other by the valve setting and cylinder proportions." 

The expansion curve of an indicator diagram may be 
raised by decreasing the time of expansion and by reducing 
the cylinder surface to a minimnm. The first mentioned 
condition redaces the time during which heat may be trans- 
ferred from the burning gases to the jacket water, and th« 
second condition reduces the surface by means of which tbe 
transmission of heat is facilitated. Let ns first consider 
the effects of cylinder proportions, and engine speed, npon 
the rate of expansion, and in so doing we will assume that 
the diameter of the cylinder and power developed remain 
constant, whilst the revolutions per minute and the length 
of stroke are variable. 

The number of feet travelled by the piston per minute 
is limited. For practical reasons it is unadvisable to exceed 
700 ft per minute. When L = length of stroke in feet, 
and B, = revolutions per minute, then we have the limiting 
value of piston speed 

2 L fi = 700 ft. 

bj H«Hra.^aUuil and Le Ctasteller thaC ib« rate of cooling followi the law 
«xprouad by a ^ + ^6' when a and /9 are congtaatB, mdO — lempentun. Ic 

dlacnunc, ihom ttasc tfas meia eDeotiTe pruiure fDllowi a ilmllar law. Tba 
lormula bold! «il|r ti!i to 100 lb. compreulon, aad must < nl; be regarded aiglTioK 
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It IB evident tliat a v&rietj' of dimenBions might bn 
chosen for L and R. Ab K is increased, L is diminished. 
As R is increased the nnmber of impnlsee per minate may^ 
be increased, and, consequently, the time of each expansion 
is diminished. The volnme of gas nsed per cycle is diminished, 
bnt the maximum presanre obtained need not be, if the same 
compression be given to the mixture. Thns we see that a 
smaller volume of gas gives the same maximnm pressure per 
square inch as a larger volume, and, further, it is expanded 
in very much less time. If £ be increased continuously, 
and L correspondingly diminiBbed, then at some valne of R 
the ontstroke of the piston will take place in less time than 
the charge can be effectually ignited. Let us investigate 
the limit of speed of any engine in which the conneeling rod 
M fii>e ItTtMi iJie crank length. 
Let T — time required for explosion pressure to arrive at 
its maximum ; 
C = length of crank radius in feet ; 
R » revolutions per minute of engine ; 
then mean speed of crank pin 
- StCR «. 
tiO 

The mean velocity of the piston dnring the first one-tenth 
of its forward stroke will be very nearly 

_ 27rCR . 



- ft. per second. 



T 032 ft per second. 



The distance travelled 



- 0-2 C feet. 



Therefore time taken by piston in travelling one-tenth stroke 

02 

2 T C H X S3 

60 

>■ -XT- (nearly) seconds. 
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Now, in order that the engine maj fnlly expand the hot 
scasea, the mazimam preBsnre ahonld not be reached at a 
point later than one-tenth of the stroke. Even bo late aa 
this is disadvaatageons. Hence the lowest value of 

-^ ranst equal T. 

Mr. Dagald Clerk ascertained that the time r^nired to 
reach the maximum pressure, with a mixture of coal gas 
and air in the proportion of 1 to 5 bj volume, was 005 
second. In hia experiments the initial temperature of the 
mixture was low, and the initial pressure was atmospheric. 
The author has found that the time of explosion is greatly 
diminished by raising the initial pressure, bat has not yet 
succeeded in measuring accurately by how much. Witz 
found that the duration of explosion of a mixture of 1 to 6'3, 
behind a freely-moving piston, to be 006 second. As the 
ignition took place at atmospheric pressure, these results 
can hardly be applied to modern gas engines. It is probable 
that the maximum number of revolutions approaches the 
limit at 500 per minute. Putting this value for R in the 
equation, 

^ -r 
11 
we find T = 0*0118 second. We might here appropriately 
consider the effect of had on the igniting valva The total 
time of rise of pressure in a gas-engine cylinder may be 
divided into two distinct parts. Firstly, the time taken for 
the (l»me to strike back into the mixture, and, secondly, 
the time during which the pressure rises after this has 
been accomplished. The former effect may be largely 
compensated for by giving lead to the ignition valve, 
but the latter cannot be dealt with in this way without 
■erionsly increasing the liability to what is known as " back 
explosion." The severe strains occasioned by such btu:k 
explosion ahonld, of course, be avoided. In the absence of 
experimental data with regard to the values of T, we shall 
do well to accept the limiting speed of revolutions aa 
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approaching 500. In practice it is fonnd advisable to ran 
large enginea at a speed mnch below 500 (about 160) revola- 
tionB, becanse of the excessive vibration dne to the rapid 
movKuentB of reciprocating parts, and the consequent 
strf sses brought to bear upon them. It is also probable that 
the value of T is much increased when large cylinders are 
used. A large nun.ber of smaller engines run at from 250 to 
300 revolutions. 

The resalt of our investigation has, so far, led to the con- 
clasion that the speed approaches a limit at 500 revolntions 
per minnte, and it has been farther shown that this is 
independent of the length of stroke, on the assumption that 
the maximum pressure shall be reached during the first 
tenth of the stroke. We have now to consider the ratio of 
length of stroke to diameter of cylinder. 

It is certain that the loss of heat increases in a greater 
proportion than the difference in temperature between the 
burning gases and the cylinder walls. Also the loss of beat 
is greater, the greater the density of the charge. In othet 
words, the loss of heat is very mnch greater during the 
beginning of the stroke than at any other time^ If it be 
true that the loss of beat varies directly as the density, 
and directly as the surface, and roughly as the difference in 
temperature, then we may express the loss of heat in a 
time ti as 






(surface y- difference in temperature x density) d t. 

As, however, the density varies inversely as the volume, we 
may write the expression thus— 



!/(■ 



surface x Hiffurnncp in temppratore' 



!>«, 



A and B being constants. 

From this it is evident that the ratio of surface to volume 
should be a minimum near the beginning of the stroke. To 
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investigate the subject further, bj attempting to evaluate 
the quantitieB in the above expression, would be rather 
begging thequestion,inasiiiuch as the temperature differences 
must be estimated hy references to the diagrams taken from 
existing enginea. Experiuieuts might be devised to furnish 
data upon this Bubject, but the author is not aware that such 
independent data at present exists. 

It is the opinion of Itfr. Hamilton, the patentee of the 
Premier gaa engine, that the ratio ^° ^ - — should be a mini- 
mum at about one-third of the stroke. Sapposing, therefore, 
that the combustion chamber were one-third the length of 
the stroke, then we should require a minimum ratio of 

8 nace ^tj^u f^^ volume is actually equal to {area of pistcm 

volume 

X two-thirds stroke). Kow, it is easily shown that the ratio 

" - °, ^"^ is a minimum when the diameter of a cylinder is 

voluuie 

equal to its length.* Thus we see that a minimum ratio of 

• Let a = diametw, e = volume (couatant). Then, length 



When Burfiuw ii ft minimum ^ = 0- 

.-. lie'- 4c = 0.-. ie^i'ff. 
But length = — '~, 

tnd, by putting 1 e in termi of x, -ne have length 

Hsnee length ^ dianaeter nben sui-faca i» a mininium. 
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^ is given whea the diameter ia — two-thirds stroke. 

volume 

This, as maybe supposed, ia a favourite proportion. The 
anthor is convinced tliat the efiect of large cylinder surface 
ia very marked. 

Cylinders of laige dimensions have a mnch larger propHir- 
tion of volume to surface than those of small dimensions, 
even though the proportions be chosen to favour a miaimam 
of surface inboth cases. It is therefore to be expected that 
large size gas engiues will give greater economy than smaller 
ones. This has been fully realised in practice. 

We have diacusaed very briefly the controlling factors 
determining the size of cylinder for a gas engine, and we 
now proceed to apply the conclusions arrived at. We shall 
base our calculated size upon the following data : — 

1. Piston speed, 600 ft. per minute 

2. Compression before ignition, 80 lb. per square inch. 

3. Stroke of engine, Ij times diameter of cylinder. 

Let D — diameter of cylinder. Then stroke ^ I'd D 
Revolutions per minute 

^ piston Bpfed _ 500 
2 X stroke ^ 3U ' 
Explosions per minute {on Otto cycle) 
revolutions _ 500 
" 2 6D' 

Mean effective pressure may be taken approximately as 
— 20- COl C" (when C = compression pressure) 
- IfiO - 0-01 X 6400 
= 96 lb per square inch. 
The indicated horse power is to equal 25. Heuce we have 



25 = 1-5 D X ^ 



500 D^T ^ ofi „ 1 
6D 4 3;jOOO' 
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whence D' ■■ 87'6 (nearly) ; 

. ■. D = 9"35in., say 9|in. diameter of cylinder. 
Stroke therefore eqnals 1'5 x 9'33 = 14 in., nearly. 

Size of Cojnbustion Chamber to give SO lb. Compression 
(above Atmosphere). 
Let y = whole volnme, 

^ Tolmne of combnation chamber + volume avrept 
oat by piston. 
P = absolnte pressure in pounds per aqnare inch. 
Then the following equation holds good for the compression 

1' V-'^ "■ constant 
To simplify the figures, the numerical value of V may be 
represented by linear inches, for, when the combustion 
chamber is the same diameter as the cylinder, the movement 
of the piston is proportional to the volume swept oat. 
Hence the volnme of the combuatioa chamber may be 
represented by 

V - stroke, 
- V - 14. 
At the commenoement of the compression stroke the value 
of P will equal about 141b. per square inch absolnte. 

At the end of the compression stroke the pressure required 
is equal to 80 + 15 - 951b., absolute. We have therefore 
?V'-' = P, V,''' 
Taking P = 14 lb. per square inch, P^ — 93 lb. per square 
inch, and V^ - (V - 14), we have 

14V'-' = 95(V - 14)^-' 
then V'-» = 6 78(V - 14)''* 

and V = '■^ = 6 78(V- 14)'-* 

= (V - 14) '7 C78 
- {V - 14) 4-36, nearly, 
from which 3 36 V = 61 ; 
.-. V-l(*l. 
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Thaa the Kctnal volume of the combtution ch&mber, of 
any ihape whaterer, moat 

— (IS'l - Btroke ot piston] x area of cylinder 

— (18-1 - W) 1^ 

— 283 cnbic inches. 

With respect to the arrangement of ralvea, it mast bo 
pointed oat that the surface of all passages leadittg into tba 
cylinder should be redaoed as mnch as possible. The size of 
valves should be such that the velocity of the gases, as 
calculated upon the mean piston speed, is not more than 
100 ft. per second. Although it is not possible to fully 
discuss all the details of cylinder design in the space at oar 
disposal, it is hoped that we have saffidently indicated how 
to determine the leading dimensions of a cylinder to develop 
a given horse power. By reference to the illustraUons and 
descriptions of engines already given, there shonld be uo 
difficulty in setting out the leading dimeusioos of an engine 
cylinder. It must not be forgotten, however, that the success 
of an engine depends upon minor details, a knowledge of 
which can only be acquired by practical experience in the 
working of gas engines. We make no attempt at describing 
the thousand and one minor details which will be readily 
supplied by the practical draughtsman, our object beiog 
rather to place before the reader those facts and figures 
which are not acquired in the erecting shop, 

The Crank Shaft. 

A gas-engine crank shaft should be made from the very 
beet mild steel procurable. The severe stresses upon the 
shaft render it imperative that a \&rge margin for strength 
be allowed. The author has known cases of gas-engine 
crank shafts of large diameter working successfully for 
many monthp, but which have suddenly failed, without 
apparent cause. 
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It ia desirable that the crank weba be balanced by weight 
oA the cranic rather than on the flywheels. When the apeed 
is high, and the flywheels of large diameter, balance weights- 
fitted or cast on the wheels canse considerable oscillation of 
the whole engine. The bearings should be as close togetbei 
as possible, and have ample aarface. 

To asiiertam the tnie maximum twistioK moment on a 
crank shaft when under normal conditions of working, it i» 
necessary to correct the indicator diagram for the inertia of 
the reciprocating parts. This done, a polar diagram of 
twisting moment may be plotted for various positions of 
the crank. We have already stated that the maximum 
pressure upon the piston will be approximately — 35 times 
the compression pressure. Thus, in the example under 
consideration, we should expect a pressure of 80 x 3*5 ^ 
2801b. per square inch. This pressure occurs almost on tbft 
dead centre of the crank, and decreases as the tangential 
effort increasea We shall not be far wrong in taking 70 
per cent of the maximum pressure as the load producing 
maximum twisting moment. Thus the maximnm tangential 
efi'ort may be taken as compression pressure x 2'5. When 
the bearings are close up to the crank webs, bending stresses 
may be neglected. 

If D — diameter of shaft required, skin stress on th& 
shaft 8,000 IK, 
then we have — 

^ D* . 8000 = 80 X 2-5 X 7 X 69 ; 

■p-i ^ 16 X 80 X 2'5 X 7 X 69 , 
" 314 X 8000 ' 

from which D = 3 95, say i in. diameter. 

We are aware that this rule gives an exceptionally large- 
diameter of shaft We are, however, inclined to believe that 
the wisdom of an engine builder may be measured in terms 
of his crank-shaft dimensions, and we are therefore inclined 
U} favour maximum dimensions. 
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The crank webs abonld be of ample sise to give rigidity. 
The deptb of the weba is, ot course, largely determined hj 
tbe diameter of the shaft, A good rule is to make the depth 

■it web equal to 

whilst the thickness of each web should be 

where D » diameter of shaft. 

The crank pin should not be leu in diameter than 1 2 D, 
tbe length being determined by tbe pressure upon the crank 
pin. In a gas engine (unlike a steam engine) the preasare 
upon the piston falls ver^ rapidly ; hence tbe maximum lo&d 
per square inch may exceed that of steam-engine practice. 
The maximum pressure on a gas-engine crank pin should 
not exceed 1,0001b. per square inch; bat, with due regard 
to this, the load per square inch, as calculated upon the 
average piston pressure, may reach 400 lb. 

Applying tbe rules given, our crank-shaft dimensions for 
the case under discussion will be as follow ; — 

Depth of web 

= 305 + ~ = B'26, say Sj in. 
Thickness of each web 

= 3-05 + ?i!2 = 3'46, say 3i in. 

Tbe diameter of crank pin 

= 3-!)5 X 12 = 474, say 4iia 
Then length of crank pin (calculated on maximum presntrej 
CO > 
" 1000" 
"'I'litQ length of crank pin (calculated on averar;t pretsun) 
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Hence the length should be (say) 4} in., to satisfy the wont 
condition. 

The main bearing pressarea are largely affected by the 
weight of the flywheels, for the maximum pressora upon 
the bearings is the resultant of ft thrust upon the crank 
and a vertisally applied load due to the flywheels. A safe 
rule, which comprehends all oonditiona, is to allow 100 lb. 
per square inch, as calculated upon the mean piston pressure. 
Thus, in the example before us, we should have ample 
bearing surface by making the total lengh of bearings 
CO > 



100 > 
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Dimentiont of Flywheelt Required for Gat Unyines. 

In calculating the weight of gas-engine flywheels, we 
Rhall neglect the fiTect of inertia of reciprocating parts. 
Having r^ard to the fact that the wheels must drive for 
three strokes out of every four withoat undue fluctuation of 
speed, the eQect of inertia becomes insignificant. 

Let El — mazimnm velocity, espresaed as revolutions 
per minute ; 
Ra = minimum velocity, expressed as revolutions 

per minute ; 
V^ — maximum velocity in feet per second at the 

mean diameter of the wheels ; 
Vs = minimum velocity in feet per second at the 

mean diameter of the wheels ; 
W H weight of flywheel in pounds. 
Then mean revolutions per minute 



Average work done per stroke 

H.P. X 33,000 _ H.P. ; 
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^tn—Damber of atrokeB the engine mna without im poise. 
(It mar here be noted that no allowance need be made for the 
work done in compression daring the idle Btrokes, for the 
energ; thus absorbed is alwBjs given back again dmixig 
the ont strokes.) 

The energy to be stored in flywheels 

H.P. X 33000 X n 
Let the floctnations in speed be represented as 

then V, - C Vi, 

and Ra = C Hj. 

Now, the energy absorbed during n revolntiona, vithoat 
impulse to the flywheels, most not reduce the speed below 
Rj or Vj. Hence energy absorbed must equal 

Let D B mean diameter of wheels, then 

V s = fP^RiV 
'■ V GO J 

Hence, by substitating this value of V^', we have work 
done per n stroke — enet^y derived from Uy wheels— that is, 

H.P. X 33000 X n, W D^j»;^R^ 



and putting Rj — C Ki, we have- 
H.P. X 33000 X ■ 



- (1 - C), 



W-i 



Ki (l + C) D' x3 R^a (1 _ C=) ' 
and, reducing the weight to tons, we have — 
W (in tons) - 343900 = " " 



< UMl - C") (1 + O" 
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We have here taken D aa the mean diameter, ioBteail of 
twice the radiiiB of gyration ; the error is, however, insigni- 
ficantf and is more than compensated for hy the absence of 
complications in the formula. The value of e for electric 
light wort should be taken as 0'98, thus allowing a total 
variation of speed of 2 per cent. It is, of course, desirable 
to keep the flywheels as light as possible, not only on 
account of cost, but with the object of increasing the 
mechanical efficiency. For this latter reason, wheels of 
large diameter are to be preferred, inasmuch as the required 
weight varies inversely as the square of the diameter. 
Although not tiBnal in gas-engine practice, it might be 
desirable to box in the arms of large wheels, to prevent 
losses due to air resistance. If flywheels are made too large, 
they become dangerous on account of centrifugal action on 
the rim of the wheel For safety, the outside of the wheel 
should be limited to a speed of 100 ft per second. 

With respect to the value of », we may say that it is 
undesirable to work a gas engine missing lire oftener than 
alternate cycles. This is indeed highly important with 
large engines, because small leakages of unburnt gas pass 
through the cylinder, and if not fired frequently, serious 
explosions are thereby liable to occur in the exhaust pipes. 
It is much safer, even though accompanied by loss in 
efficiency,to set the governor andgas valves to fire tbeengine 
every cycle at halt load. We may take the value of n> 
therefore, as being equal to seven strokes. 

Taking the following values for the symbols, we can find 
the weight of flywheels for a 25 indicated horse power 
engine. 

w-j^i-f ;„ f™= 343900 x 25 x 7 . 

Weight in tons = ^.^ ^ D^l - 0-98^) (1 + 008 ) ' 

putting 

D - 5 ft, and I 



14c 



coHNxcTma nop. 



_ 343900 X 25 X 7 
' 2lo* X 5" X 004 X 1-98 



- 3-06 tons. 



Thtu, it two fly vheels be tued, they ehoald weigh a little 
mora than 1^ torn each. We have neglected the weight 
of the BpokeB and boss, bnt as the error favonra steady 
mnning, there is no necessity for fnrther complications. 

Connteting Sods. — The determination of connecting-rod 
sisei for high-speed engines has already been fully dealt with 
in books on engine design. We may refer the reader to the 
chapter on connecting rods in Professor Unwin's treatise 
on machine design. Regarding gas engines as high-speed 
engines, we shall quote a formula from the above-mentioned 
work, which we think gives a resnlt in agreement with 
practice. We are qnite aware that many connecting rods 
will be found working satisfactorily which are nevertheless 
under the size given by the formula. Considering the 
complexity of the conditions, it is impossible, without 
devoting much apace and re-writing much that has already 
been written, to deduce a formula embracing all conditions. 
The value obtained by the following rule may be excessivi 
for slow-speed engines, but it may be r^arded as safe for 
all oases. 

Let d " mean diameter of connecting rod ; 
D = diameter of cylinder ; 



= diameter of cylinder ; 
= length of connecting rod ; 
= initial pressure on the piston 



n in lbs. per square 

then rf-0fl38 J{DlJp}. 

Having obtained a mean diameter, the rod may, if more 
convenient, be made of oval aection. The mean diameter 
may be increased by about i in. towards the crank-pin end 
of the rod, and diminished by the same amonnt at the piston 
end. The length of rod may be from five to six times the 
crank length. 
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For the example ander conuderatinn — 

d = 0fl38^/ {9 35x35 ^280} 
- 2-8 in. 

Hence the diameters may be, saj, 2g in. and 3g in. 
The PUton Fin. 

The preaaure on the piston pin may be much more than 
upon the crank pin, on acconnt of the small relative nove- 
roent of the rod at this end. A pressnre of 600 lb. per square 
inch, as calculated npon the mean effective presaare^ will 
give suitable proportions to the pin. The length of the pin 
TOB-j be aboat 1'4 x diameter. It must here be noted that 
the design of any part should be carried out with dne regard 
to the facilities in machining. For this reason it might be 
convenient to have the small end of the connecting rod the 
same width as the lai^er end, thus avoiding troublesome 
packings to set the rod level when machining. 

The size of pin required will be as follows : — 
Total mean pressure 

= 69 X 96 lb. 
Bearing area in square inches 

.=JL^« = U1,5. 

Diameter of cylinder is 9g in. Allowing 6^ in. for the total 
lei^^ of boss to receive the pin, we may take the length as 

9| - 5i - 3g. 
Then diameter of pin 

-^^^-2-6.say2SiE.pin. 

The pin should be secured in the bosses of the trunk piston 
by set screws, to prevent rotation therein. A drip lubricator 
should be arranged to supply oil to the pin when working. 

The piston should carry from three to six cast-iron packing 
rings, according to the pressure, of about R x ^ section. 
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The aide shaft aboold be driven bj' screw gearing, the 
designs for irhich may be taken from any treatise npoit 
gearing. The governor ahonld be driven by bevel geariii(f 
from the side shaft, if requiring rotary motion. 

We have alrendy given data required for sizes of pipes, 
tanks, and fittings external to the engine itself. Let u» 
coDclnde these few notes on gas-engine design with one word 
of warning. Never rely apnn lock nuts mtkont split pins 
to prevent them working completely oS. We have known 
Berions accidents to result from overlooking this apparently 
email detail The vibration of all combostion engines 
renders it absolately necessary that steady pins and positivn- 
lock nuts shonld be freely used in connecting the parts. 



CHAPTER XVIIL 
Producer Gas, and its Application to Qas Enginrs. 
In the early days of the gas engine, one of the chief points 
in favour of its extended use was the convenience with 
which the ordinary coal gas of town supplies could bn 
utilised as its motive power. So long as the power developed 
by gas engines was small, the commercial advantages 
resulting from their use would have been seriously mini- 
mised by the necessity of a targe capital outlay. Thus, in 
the early days of the gas-engine industry, the motive power 
was entirely supplied from the ordinary town mains. Gas 
engines bad been established as a commercial success for 
home four or five years before any other means of supplying 
them with motive power was recognised as practicable or 
economical. Nor was this state of things entirely dne to 
lack of invention. It is indeed surprising how many names 
are associated with the development of a practical gas 
generator, suitable not only for gas engines, but for mauy- 
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indnatrial proceeaes, ftnd eapecially for tnetallurgicftl par- 
poaei. Id view of this, we aball merely explain the broad 
principleB npon irhich nil gas producers work ; bnt we ehall 
refer apeciEtlly to the work of Mr. Emerton Dowson, whose 
name has for many years been associated with the practical 
Rpplicatioa of gaa-prodncing plant for the supply of motive 
power to gaa enginea. 

Any combnstible substance when heated to a high tempera- 
tare, either by the process of its own combustion or by the 
application of external heat, will be partially or wholly 
gasified. The mcHt familiar example of this process is the 
ordinary honsehold fireplace. The sudden blaze which so 
often results from stirring the fire is merely the burning of 
those gases which are rising continaally throagh the red- 
hot fuel, but which are prevented from burning when passine 
through the hot fuel because of the inferior supply of 
oxygen. When, however, these gases mingle with the fresh 
air passing above the surface of the fuel, the oxygen renders 
them combustible. If the fire be dull, the heat at this point 
is insufficient to ignite the gases, and much of the gaseous 
fuel passes away unburnt. If, however, the fire be stirred 
to allow more air to enter its upper strata, then the gases 
are kindled by the heat, and the flame, thus started, rapidly 
spreads. 

It will be seen from this that a simple gas producer might 
be made by charging a vessel with red-hot coke, then passing 
through it a stream of oxygen sufficient to form a combustible 
gas, but insufficient to allow complete combustion while 
passing through the red-hot fuel This gas might be col- 
lected in a suitable reservoir, and burnt at will by the 
addition of a further supply of oxygen. The process of 
manufacture of the gas is refiresented symbolically by 

COg + C - 2 CO. 
The resulting gas, carbon-monoxide, has a calorific value 
of about 3i0 B.T.U. per cubic foot. For commercial con- 
Bnioption the oxygen is supplied to the hot coke or carbon 
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by pandug ur tbrotig)i the containing vessel The resnltini; 
gas is therefore very largely diluted with nitrogen, whicli 
redaces its calorifio valae per cnbio foot to abont 112 B.T.U., 
or abont one-aixth that of coal gas. 

It u clear that, so long as atmospheric air alone is used aa 
a vehicle for the oxygen necesaary for combination with the 
carbon, a very inferior gas will be produced. In order to 
avoid this, another method has been resorted to, the result 
of which is the production of a gas known as water gas. 
The bare outline of the operation is as follows : Atmospheric 
air is passed through a chamber containing coke or anthracite 
until the whole mass of fuel is at a bright red heat. The 
gases formed during this process are not collected. The air 
supply is then entirely cat oO) and superheated steam is 
passed through the incandescent fuel This steam is decom- 
posed into its elements, oxygen and hydrogen, and the 
process may continue until the temperature of the fuel falls 
to a point below which no further decomposition is possible. 
By this process as much as 50 per cent of free hydrogen is 
obtained, whilst the liberated oxygen re-combines with the 
carbon to form about 44 per cent of carbon-monoxide, 
together with traces of free oxygen, carbon-dioxide, and 
marsh gas. The calorific value of this gas is abont 240 
B.T.tr, per cubic foot, and, moreover, the percentage of 
combustibles approaches 100. Hence this gas is eminently 
suited for gas-engine purposes, and would be largely used 
excepting for the intermittent action of the apparatus. In 
generators of this gas the production can only continue for 
periods of about 15 minutes. After this time steam must be 
turned of^ and air again passed through the fuel, in order to 
raise it to the incandescent state. Some success has been 
attained by duplicating this apparatus, but the additional 
capital outlay required, and the introduction of simpler 
methods of equal efficiency as regards gas production, has 
prevented the general adoption of intermittent producers. 

The method so successfully carried out by Mr. Emerson 
Dowson embraces a combination of the above-described 
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prcNsesseH. From ft ■pecuJlr-coniitrncted nozzle a jet of 
ateam is blown into the incandeBcent fael. The steam 
indncea a current of air to enter the fuel at the same time. 
The oxygen thus continnonaly snpplied to the fire maintaina 
ib at a proper temperature, whilst the resnlting gaa is greatly 
enriched by the decompoeition of the ateam ; and, moreover, 
by the jadicioaa regulation of Ae weight of air and steam 
passing through the fnel, the process is continaoaaly oarried 



Fio. 98.— Dowinn gaa plimt. 

Figs. 98 and 99 show an elevation and plan of DowBon giiB 
plant, of which the following ig a brief description. 

Referring to lig. 93, the boiler for generating the ateam is 
shown at A. This boiler is kept at a pressure erf from 30 lb. to 
GO lb. per sqnare inch, according to the size of the generator. 
Snperheated ateam passes over from the boiler through the 
pipe to the gas generator shown at C. Beneath the fireban 
of the generator the steam passes through a nozzle of special 
constmction, and so draws air with it into the cloaed ashpit 
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K The BUM reaaltiog from the coatAot of the air and 
■teftm with the incandeacent fnel in C paas np throngfa the 
delivery pipes to the stand pipes F. The gasea are here 
cooled, and are afterwards cleansed by passing through 
water in the box H. From H the gases pass to the scrabber 
J, and afterwards throagh the coke scrubber K placed inside 
the gasholder L, where they remain until condncted to the 
gas engine. The pressure in the gasholder is allowed to 
remain at about l^in-of water, and the pressure produced 




in the closed ashpit by the action of the steam jet is 
sufficient to maintun proper circulation of the gases from 
the producer to the gasholder. The supply of steam to the 
generator is regulated by a cock at 0, the handle ot which 
ia attached to the upper moving portion of the gasholder L, 
thus automatically preventing the generation of gas when 
the holder becomes fully charged. 

The fuel most suitable for consumption in the generator 
is anthracite, because of the absence of sulphur, smoke, and 
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other impnritiea Its coat may be taken at from 123. to 15^. 
per ton delivered, aod the fuel required per 1,000 cubic feet 
of gas equals about 136 lb. Hence the cost of fuel in the 
generator per thousand cubic feet may be taken as abont 
one penny. Including all charges, depreciation, wages, &o., 
upon a Email plant capable of delivering 1,000 cubic feet per 
honr, the cost is worked out at 4jd. per 1,000 cubic feet* 
A larger plant, producing 3,000 cubic feet per hour, works 
out to about S^d. per 1,000 cubic feet. It mnat here be 
remembered, howoTer, that about five volnmes of Dowson 
gas are required to evolve the same heat as tme volume of 
coal gas. Hence the cost per 1,000 cubic feet must be 
ronltiplied by five before a comparison can be made between 
Dawson and coal gas, Thua we see that with large pro- 
ducers a saving of 07 per cent ia effected, and with small 
pFfducers a saving of 41 per cent, when coal gas is taken at 
3a. per 1,000. 

The lowest fuel consumption obtained with Dowson plant, 
wcrking a twin-cylinder Crossley engine, indicating 118 
horse power, was 761b. per indicated horse power hour 
during a working teat of eight houra. When the losses in 
the generator due to clinkering and standing all night were 
added, the total consumption was 0873 lb. per indicated 
horse power hour. The cost per indicated horse power hour 
excloaive of wages and incidental expenses, is therefore 
OflOd. This exceptionally low consumption of fuel can 
hardly be expected under ordinary working conditions. 
The average consumption may be taken as IJ lb. of anthracite 
per indicated horse power hour. 

Referring to analyses previously given of Dowaon gas, it 
will be aeen that it consiata largely of carbon-monoxid*', 
which gas is very poiaonoua. It is therefore important that 
all fittings should be tight, and that there should be good 
ventilation in the engine- room. 

■ InsL CiiU Engineo™, ProcoBdingi, toL luili. 
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It bu Klr««dy been mentioDed that the calorific Talae of 
prodnoer gu ia unch lower than that of coal gaa ; alao that 
the air volame required for ita combastion ii leu than for 
coal gal. Althongh Borne difficnltyU fonnd in practice in 
keeping the oompoaition of the gaa qnite nniforn}, owing to 
choking up of the fireban, &o., yet an average oompoaition 
o( Dowion gas will be found to require, theoretically, lt)l 
volnmet of air to 1 of gas. In gas enginea, 1*5 volnmes of 
air to 1 of gas are naaally adopted. 

The following table, worked ont sitoilarly to that given 
previously for coal gas, will be Eonnd naefnl in working oat 
the reanlte of trials. For the pnrposea of these calcnlations, 
an average analysis is quoted : — 
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From the above table we see that 0141 lb. of oxygen is 
required to combine with 1 lb. of Dowson gas. Hence 

om 

0-23 



= 0-613 lb. 



of air will be required to supply this weight of ozj^en. 
lib. of air occupies (at 32 deg. Fah. and 147 lb.) 08069 
cubic feet. Volume of air required therefore 

- in^ = 7*1 •'''^''° '«*'* (nearly). 
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1 lb. of Dowson gu oconpiea 

p^^ = 756 cubic feet (nearly). 

The ratio of air to gas theoretically required is, therefore, 

^ = l-Ol (nearly). 

THE MOND GAS PRODCillEli. 

One of the greatest diffionlties to be overcome in thn 
design of a continnoualy working gaa producer, ia to prevent 
the formation of tarry deposit, which, if allowed to remain 
in the prodnoer, soon renders it useless. With the object of 
preventing such a formation, it has been usual to bum only 
auoh fuel in the producer as is free from the tarry consti- 
tuents, and consequently we find anthracite and coke 
generally used. With these fuels there are no by-products 
to be obtained in the process of gasification, whereas if a 
bituminous slack be used, a considerable quantity of 
ammonia might be recovered from the gas, the value of 
which may bo credited to the producer, thus reducing the 
net cost of gas for purposes of motive power. It was with 
the object of bringing about this two-fold gain, namely the 
use of a cheaper bituminous slack and the ultimate recovery 
of the ammonia by-product, tiiat Dr. Mond, of the firm of 
MeBBTB. Bmnuer, Mond and Company, Northwich, Cheshire, 
initiated experiments on a large scale, which have resulted 
in the design of the plant about to be described, and known 
as the Uond gas producer.* Cheap bituminous slack ia fed 
by means of a creeper to a hopper H,, over the producer. 
(Fig. 99a.) This hopper is connected at its base with a 
measuring hopper Hj. After the measuring hopper ia HUed 
the measured quantity of alack ia permitted to pass into the 
producer through the counter-weighted hood-valve Y. The 
producer P consists of a brick-lined cylindrical shell covered 
by a brick arch, through which depends a bell-shaped 
casting B opening by means of the hood-valve mentioned into 
tiie measuring hopper i!rom which it receives its charge of 

■ InitO.R FrocsodiDgB, 'oL ciili. 
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fnel. The lower end of the producer terminates in a coned 
neck containing rftdiftUf inclined fire-bars F. The narrow 
end of the neck dips into a water-seal. It will be nnderatood 
that the baming contents of the prodacer rest upon the 
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inclined fire-bara and npon a conical colnmn of aab standing 
upon the base of the water tank formiog the water aeal or 
lute. The ashes are withdrawD from beneath the Barface of 
the water so that this ma; be done withoat interrapting 
the operation of the producer. A snpplf of steam and air is 
forced by meana of a blower (see Fig. 100) nnder slight 
pressmre, throtigh a series of heating pipes R to be described^ 
and ao finds its way to the annular space S formed round 
the inner ahell of the producer by the jacketing cylinder. 
By this arrangement the air and steam are heated aa they 
poaa to the producer by heat abstracted 'from the walls of 
the producer. The mixture of steam and air passes from 
the jacket, past the fire-bars and through the incandescent 
fuel, thua decomposing the steam and yielding the hydrogen 
constituent, at the same time forming oarbonmonoxide. 
The gases from a fresh charge of alack are distilled while 
the latter remains in the inverted bell casting. The tem- 
perature of this caating ia, of course, lower than that of the 
red hot fuel, and the success of the process seems to depend 
largely upon this fact The tarry products of the diatilla- 
tiou must pass through a much hotter zone than that in 
which they were distilled and are thua converted into fixed 
gases. These pass away together with the oarbonmonoxide 
and hydrogen into a aet of jacketed pipea R, in which the 
heat from the gaaea ia given up to the air-and-steam mixture 
travelling towards the producer through the jackets. Thn 
gases next pass through a chamber G in which sprays of 
water are kept up by means of a mechanical dasher. From 
this chamber the gases pass to the bottom of the ammonia- 
recovering tower and are drawn from the top of this totrer 
into a cooling tower. AH the towers are filled with chequered 
brickwork. As the gas travels upwards through the ammo- 
nia recovery tower it meets a stream of acid liquor containing 
i per cent of free sulphuric acid. The ammonia ia thus 
combined forming sulphate of ammonia. The cooling tower 
is served with water drawn from a cold water tank. The 
hot water resulting from the cooling process is delivered to- 
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the air-beating tower. As the hot water meets the stream 
of cold air, tho latter is heated and beoomes satnrated with 
water vapoar and carries with it to the producer a consider- 
able qnantit; of steam necessary for the formation of 
hydrogen. About one ton of steam per ton of fnel burnt in 
the prodacer is secured in this way, bnt a further 1^ tons is 
added from exhaust steam pipes or other sources. 

This beautiful process of regeneration may be summarised 
as follows : The hot water from the cooling tower is used to 
impart heat to the air-and-steam mixture which is still 
further raised in temperature as it passes the vertical stack 
of pipes through which the hottest gases from the producer 
are travelling. It wiU be noticed that at the lower tem- 
peratures the transfer of heat is obtained by the agency of 
water spread over a very Urge surface on the checked brick- 
work, and at the higher temperatares the transfer takes 
place through the wall of the regenerator pipes. 

The following are the analyses of rarions producer gases 
)iiTeu by Mr. H. A. Humphrey :— 
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It will be obvioiu that the capital outlay upon aoch a. 
plant aa that described is great, and in no case woald it pay 
unleaa coruaminK upwards of twenty tons ot coal per day. 
For an extensive system of electrical distribntion, the Mond 
plant woold be cheaply worked. In this ootmection the 
approximate price of a 10,000 horse power plant may be 
mentioned at £20,000. The comparative costs of working 
Ibe Mond producer and the Dawson plant are given in Mr. 
Humphrey's paper as 607 pence per 1000 cnbio feet of gas 
for the Mond plant, as against 1'8 pence for the same volume 
of gas from a Dowson plant. Althoagh these figures may 
be accurate, they are not conclusively in favour of the Moad 
producer when regarded as a means of supplying fuel for 
gas engine purposes. The Mond producer which yielded 
this extraordinarily low figure of coat was considerably 
larger than any Boirson plant existing. We do not there- 
fore look for any great change in the usual installations of 
medium size gas engine plants worked on Dowson gas. Bat 
it is nndoabtedly true that the Mond producer, worked as it 
is on cheap bitominous slack, and afEordtng means for the 
recovery of the ammonia by-product, will have a wide field 
of usefulness for extensive installations of 5,000 horse power 
and upwards. 

THE LENCAUCHEZ 0A3 PKODnCEE. 

The Lencauohez producer is little known in England, but 
it is frequently applied to the Simplex engine in France 
where several such installations are working with poor 
French anthracite or non- bituminous coaL The producer 
is shown in fig. 101, and consists of a circular shell, inside 
which ig a layer of sand backed with brickwork. Air is 
forced into a closed ash pit by means ot a blower which may 
be driven by the engine worked on the producer gas. The air 
enters the closed chamber, passes through the fire-bare and 
hot fuel. A supply ot water is delivered to the producer 

• Keproducsd by permlaalgn of tho Council of thB InstlCutlou ot CliU Enginaeii^ 
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ihrongh a pipe entering aboat twelve inches above the level 
of the grate bare. The evaporation of this water whilst 
dripping through the hot ashes, and whilst standing in the 
trough placed to receive the sarplns of water below the bars, 
gives a anfficient quantity of steam to furnish about 20 per 
cent of hydrogen in the resulting gsaes. The prodacts are 
washed in their passage through the coke scrubber, the 
ooke in which is kept wet by a spray of water falling 



through it. From the scmbber the gases pass to the holder, 
and are ready for delivery to the engina The small 
chamber shown at the back of the engine in fig. 101 is coupled 
to the exhaust pipe and acts as a silencer. 

OtT THE UsB OX Furnace QAaaa in Gas EsaiKBa, 
The utilisation of the waste gases from blast furnaces has 
occupied the attention of engineers for many years. It is 
only since the year 1895 that any attempts have been made 
to apply the gases to internal combustion engines, though a 
large proportion of the gases had previously been used for 
heating the blast and for steam raising purposes by burning 
the gases beneath steam boilers. An enquiry into the com- 
position of blast fnmace gases will help us to form an 
opinion as to how far they may be suitable for gas engine 
purposes. We have the authority of Sir I. Lowthian Bell, 
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that owing to the redncmg conditioa which has to be 
mkintamed in the gases of an iron fnrnace, the proportion 
of carbon brought to the highest state of oxidation— that of 
carbonio acid — is limited to one-third of the whole. Thns it 
appears that the waste gases from such furnaces mast, and 
always will, contain large proportions of carbonic oxida It 
wonld appear, therefore, that no possible economy which 
may in the fatnre be brought about in the working of blast 
famaces will materially affect this element of the waate 
gases. This conclusion emphasises the importance of making 
every effort tor the utilisation of iron furnace gases. The 
following analysis of waste gases from two furnaces are 
worked out in volumetric proportion. 

Analysis of laoN FnnNACE Oases. 
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It has been urged that the great variation in the consti- 
tution of iron furnace gases prevents their use in gas engines. 
This contention has not been borne oat by recent experi- 
ments, and, moreover, the analyses given of gases from two 
furnaces of different capacities refute the objection. It i^ 
however, well to gnard against variations by collecting the 
gases in suitable holders to permit of tbeir diffasion. 

When nsing coal gag, the mixture drawn into the cylinder 
of the engine is generally in the proportion of 10 volumes of 
air to one of gas. Thug, supposing the coal gas to have a 
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calorific ralae of aay 610 naits per cubic toot, in one cnbic 
foot of mixtore ve should have 58 units of heat present. 
When DowBon gas is osed the proportion ia generally about 
1| rolnmea of air to one of gas. Tdna taking Dowaon gas as 
having a calorific value of 160 units per cubic foot, we 
abonid have in a mixture of one cnbio foot used in the 
cylinder 60 unite of heat. In the caae of iron furnace gases 
weaee by the anal jsia that theproportionof air theoretically 
required is about the same as that for Dawson gas, namely 
103 per cent of air. The exceaa of air required to form a 
satisfactory gaa engine mixture is likely to be in about the 
aame proportion ae that required for Dowson gas. If this 
be true, a cubic foot of mixture of furnace gas would contain 
4L units of heat Thus it appeara that in order to get equal 
powers developed by two enginea, the one uaing Dowson gaa 
the other using furnace gas, the engine in the latter case 
would need to be of larger dimensions. The question arises, 
however, with ao small a proportion of combustible gas, can 
a satisfactory ignition be obtained with certainty 1 This 
difficulty ia met by increasing the initial compression of the 
mixture before ignition. Such compression eSecta two 
purposes. In the first place the higher compression brings 
the combustible gas into closer union with the particles of 
oxygen and thus facilitates the combustion ; and in the 
second place the cooling surfaces of the cylinder exposed to 
the ignited mixture are diminiabed so that the temperature 
of the explosion more nearly approaches the theoretical 
temperature. In view of these facta, and the experimental 
work which we shall now briefly quote, there ia no doubt 
that in the future great use will be made of the waste gases 
from, not only iron furnaces, but all furnaces yielding gasea 
with a heating value of from 80 to 100 unite of heat per 
cubic foot 

One of the practical difficulties which besets the use of 
furnace gases in gas engines ia the presence of very fine 
metallic dost in the gasea drawn from the furnace. In the 
experiments carried out by Mr. Bailly, Kraft, and Delamare 
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(the designer of tbe Simplex gas engine) at the works of thn 
Soci6td CockeriU, Seraing, near Li^ge, the gaaea were led 
from the famaces throngh six coke acmbbera S ft diameter 
and 19 ft long. The gases were drawn from the f amaces hf 
means of a Eoerting steam jet, and to farther assist the 
cleansing action of the steam jeta about 6^ gallona of water 
per brake horse power was passed through the aorabberi. 
The wat«r wag afterward found to be unuecesaary, the coke 
effecting all that was required. For testing purposes, the 
gases passed to a holder of 10,600 feet capacity ; for the moat 
part, however, the gaaea were taken direct to the engines. 
The gaaes in the engine were compressed before ignition to 
115 lbs. per sq. in. Even after this treatment, there ia said 
to be some dnat left iu the gases that reach the engine. In 
a 200 b.p. engine at Seraing there was said to be 881bB. cf 
dust passing throngh the engine per day, but do inconve- 
nience was caused, as the engine was run for a period of four 
months continaonsiy without cleaning. 

In 1898 a Simplex engine with single cylinder of 31^ inches 
diameter, and 3'-^^' stroke, was tested under conditions 
above Btated. The Indicated H.P. was 213, and the B.H.P. 
181, thus giving a mechanical efficiency of 85 per cent The 
calorific value of the gas was 1098 B.T.LT.'s per cubic foot, 
and 117'5 cubic feet were consumed in the engine per 
brake horse power hour. The speed of the engine waa 105 
revolutions per minute. This instalUtiou is now beyond 
the experimental stage, having run for more than 18 months 
without trouble in r^ard to dust or ignition. 

The engines used on the Continent are tai^r and more 
powerful than those in general use in England. Experience 
on the Continent aeema to point to the limit of power in one 
cylinder aa being about 250 horse, at any rate where steady 
running is desirable. Engines of greater power are designed 
by duplicating tbe cylindera. 

There seems to have been little done in England beyond 
the pioneer work by Mr. Thwaites, who initiated a scheroo 
at tbe Glasgow Irouworka, Wishaw, in 189S. In addition to 
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thb ft gaa eogine plant has been sacceBafnlly Ttaed at Barrow, 
and this is being extended. 

The thermal efficieno; of the enginea tested with fomacn 
gas in very encouraging, reaching as it does nearly 21 per 
cent. It ia not likely that a steam plant snpplied with the 
same fnel would yield more than from 7 to 8 per cent, 
thermal efficienoy, or one-third that of the gas engine plant. 
In view of this extraordinary saving, there is a demand for 
a gas engine that will work with even a poorer gas than 
iron fnraaceB produce. For instance, one cannot bat remark 
upon the great waBte resnlting from the use of coke ovens. 
Ig is true that the construction of coke ovens is undergoing 
improvement with a view of recovering the ammonia sul- 
phate, and with a view to utilising the waste gases beneath 
hoilers. It is, however, the ordinary, and mach used, 
beehive type of oveu that is the most wastefal. In a few 
instances the gases from this type of oven are used for eteaoi 
raising, and there have been proposals to use gas engines, 
but from the writer's analyses of the gases from these ovens 
he does not think it likely that they will receive much atten- 
tion in the direction indicated until iron furnace gaaea 
have been more widely exploited in the gas engine. Thii 
experience gained in building gas engines for iron furnaces 
will be of great use in adapting them to the still leas heat- 
giving gas evolved from the coke oven. 

The gaaeB given off from a coke oven vary from day ta 
day to a considerable extent The charge of fuel is put into 
the oven, where it is destined to remain for from three to 
four days. After it has been in the oven about 8 hours gas 
may ignite at the crown of the oven as it passes out into the 
air. Towards the beginning of the second day the evola- 
tion of combustible gas is the greatest, and this gradually 
diminishes until the constituents of the gas are chiefly CO2 
and nitrogen. 

In coke oven gases the experience of the writer leads him 
to the conclusion that, at the best, the yield from one oven 
may be as high as 40 per cent, of combustible gas. This 
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gimda&lly diminiahes, and the average percentage oE com- 
biutible gu daring the chaise wilt not be more than 20 
The maumam heating valne per cubic foot will be aboat 
120 oniti, bat the average will be about 60 units. Thus it 
appears that coke oven gaa Ib of an inferior order to iroa 
furnace gaa. The only way in which this low calorific value 
can be met is, aa we have already pointed out, by increasing 
the compression beyond that usually adopted. We have 
seen that 115 lbs. per square inch was adopted in the case of 
the iron famaces at Seraing, and it is probable that in order 
to utilise the beehive coke oven gases an initial pressure of 
130 lbs. per square inch would be needed to insure regular 
ignitions. Notwithstanding these possibilities, the con- 
venience of the service of gas has to be carefully considered 
in relation to the labour at the disposal of the management. 
The manner in which coke ovens are used does not lend 
itaelf to accurate regulation of the flow of gas, and it is 
probable that the more careful attention needed would afford 
sufficient grounds for considerable prejudice, and will for 
some time act as a powerful deterrent from experiments in 
this direction. There is no doubt, however, that experiments 
with the beehive ovens are worth conaideiii^, and if an 
engine can be built — and there appears no reason why this 
should not be done— with the compression necessary for 
dealing with this gas, much economy in heat will be att^ed . 
Many managers will inform us tliat regularity and Bim- 
plicity of working is worth more than heat efficiency, and 
whilst the former conditions are at stake, one cannot hope 
to do more than initiate small experimental plants. 



THE DYNAMIC GAS PKODITUER. 

This is a producer which is suitable for small power 
engines because of the very small floor space taken up. In 
the case of a 10 KP. engine the approximate area oconpied 
by the whole plant is only 9 square feet, and for a 60 KP. 
engine about 30 square feet ; the vertical height being in 
the first case 5 feet, and in the second 8 feet. The apparatns 
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consists of only two parta — the prodncer and the scmbber. The 
air required for combustion is heated by the exhaast gases 
from the engine, and the steam is produced at the expense 
of the heat in the hot gas as it leaves the prodncer, whilst 
the prodncer is also jacketed in order to utilize the radiant 
heaL The tnixtare of air and gas is drawn throagh the 
furnace into the scrubber, thence into a chamber, which is 
directly connected to the engine. The snotiou of the engine 
in drawing in the gas each stroke reduces the pressnre in 
the apparatnsslightlybelow that of the external atmosphere, 
and this suffices to draw the supply of air and gas through 
the incandescent mass of fuel, which is anthracite coal. The 
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fuel is supplied to the furnace by means of a hopper, two or 
three times per day, whilst the water required for the pro- 
duction of the steam can be automatically supplied from the 
mains by means of an ordinary ball-cock, because the 
preBBnre in the boiler is practically equal to that of the 
atmosphere. 

The gas produced appears to be very clean and rich 
in heat-units, as in an experimental plant, the horse-power 
obtained is only about ten per cent less than with the town's 
gas, but at the time of going to press no exact testa have been 
made, so that the exact value of the gas produced has not yet 
been made. The Dynamic Company, howeTer,showa saving in 
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the cost ol wOTkiag of from 60 to 160 per cent, accordins to 
tfae power developed hy the engine when compared with the 
cost of town's gafl, whilst ita applic&bilitf to very small nnits 
of power, «s well as large, and its low cost, and the total 
aljeence of all reaidnals, save « small qnantit^ of ash (abont 
2 per cent), marks this invention aa a most promimng one 
for men of gas engines. 



CHAPTER SIX. 
The EFfKCTs of thb Prodticts of Combustios upon 

EXPLOSITK MiXTUKBB OF COAL OaB AND AlR. 

ExpEBiHKNTS previonslj made apon gaseooB mixtnres have 
been directed towards the investigation of the actaal 
presBures produced by the combnBtion of an inflammable 
gas, in the presence of oxygen or pare air only. Thirty 
years ^o snch experiments wore coodacted in chemical 
laboratories on a very small scale qnite incomparable with 
the volnmee of the cylinders which are nsed in practical 
work. The practical difficulties which beset the develop- 
ment td the gas engine retarded, rather than stimnlated, 
any very complete research apon the behaviour of exploBive 
mixtures. Practical men were satisfied with an approxima- 
tion to the maximum pressure which might be expected 
with any given mixture ; this information was amply pro- 
vided by Him, Bansen, and later by Berthelot As the 
mechanical arrangements became more efficient, the need was 
felt for further data regarding the comparative economy of 
various mixtures. 

The moat complete practical contribution npon thia 
subject has been afforded by the experiments of Mr. Dogatd 
Clerk, which enabled him to estimate the most economical 
mixture to be used in a non-compression engine, but no 
ncconut was taken of the effects of the products of combus- 
tion which are present in tbe cylinder of a gas engine. 
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notwithstanding that the early engineH were conBtnicted 
with a clearance Tolnme of 60 per cent. To obtain lome 
definite data npim this important subject the anthor has re- 
cently carried oat a series of experiments in the Engineering 
Laboratory of the Yorkshire College, Leeds. 

It has i>een generally inferred that the prodncta of ooni- 
bostion, when mixed with a fresh charge of coal gaa and 
air, will decrease the maximnm pressure uid thereby 
reduce the efficiency of the charge; if this inference be 
correct, it wonld justify the offortB of gas-engine manu- 
facturers in introducing a scarenger stroke, in order to 
minimise the evils of the presence of residual gases. The 
experiments carried out by the author show that the 
presence of the products of combustion in certain mixtures 
actually raise, rather than diminbh, the maximam presBam 
obtained. It is, however, incontestible that the expnliion 
of the products of combustion has effected an increase in the 
economy of gas consnciption ; bat, in the author's opinion, 
the reduced consumption per horse power is due to the 
increase in the effective cylinder capacity of any given 
engine when the products of combustion are replaced by 
^■xploBiTe mixture, as well as to the cooling effects of the 
scavenging stroke. Following the example of previous 
experimenters upon gaseous mixtures, the aatbor made use 
of a closed vessel of constant volame, and ignited the charges 
at atmospheric pressure. The use of such apparatus ia 
considered by some to detract from the practical value of the 
results obtained, but if the presenoe of certain oonstitnents 
affects the rise of pressure in a vessel of constant volume, it 
may be asked, Why should it not also affect the rise of 
pressure in the expanding chamber of a gas engine! The 
anthor is now continuing this series of experiments with 
compressed mixtures, the result of which he hopes shortly 
to pnbiish. 

The apparatus used for the explosion of the gases con- 
sisted of a thick cast-inm cylinder, flanged at both ends, of 
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1 cubic toot capaoit;. The cflioder(A, tig. 102) was bolted 
verticall; to the colnmn B. 



Igniting Arrangements, — The charge was ignited by 
passing an electric spark in the mixture by means of a 
secondary battery and iadaction coil, the wires from whiob 
passed through the insulated brass plug C on the top'oover. 
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The insnlation at first gave a great deal of trouble through 
moisture collecting on the nnder surface of the insulating 
material at the point where the wires penetrated (see 
fig. 103, a). The difficulty was nltimately overcome by 
adopting the arrangement shown in fig. 103, b. The brass 
casing, by projecting beyond the surface of the insnlatioe. 



Fic. 103 — The Igniter. 

prevented the water, daring the filling of the cylinder, from 
rising to within the cup thus formed. By thoroughly 
drying, then oiling the surface of the insulation, the spark- 
ing was made certain. If any mixture failed to explode, 
the igniting gear was carefnlly tested, and the inflammatory 
natnre of the gai ascertained by applying flame as it was 
gently driven from the experimental cylinder. 

Temperaiurea.—1ba temperatures were measured, before 
ignition, by means of a thermometer enclosed in a wronght- 
iron case, containing mercury, which penetrated into the 
gas chamber. 
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Rteording Gear.—Th.^ preBBores were recorded by means 
of a Croaby iodicator, the pencil of which was uranged to 
Bcribe npOD a continnoasly-reTolving dram, 8ia diameter, 
driveB by clockwork. The exact speed of thia dram was 
cheobed by the vibrating spring, fig. 104, adjoated to make 
foar complete oacillationa per second, the dimensions of 
the Bpring being snch that the inertia enabled it to over- 
come the slight friction of the pen dnriiig one ezperimeat. 
By allowing this pen to remain stationary daring one 
revolation of the drnm, a zero line was traced, which was 
crossed at every eighth of a second by the wave line 
prodaced by the vibrating spring. This period of time is 
represented by a linear distance of 03 in., and thns farther 
snb-divisions may be made if desired. It was inconvenient 
to arrange the pen of the time recorder immediately over 



Fio. 104.— TliB Rmoi^bt. 

the indicator pencil, bat due correction has been made by 
transferring the required portion of the time wave to its 
proper position on the diagram. 

In all the experiments the volames were measured by filling 
the cylinder with water, and afterwards allowing the gas to 
enter as a measured quantity of water flowed ont. After 
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firing the charge, a known yolame of water was injected into 
the cylinder (oare being taken that no air was inhaled by the 
* partial vacnum formed by the condensation of the previoas 
charge), thus expelling all bat the required volnme of 
residual gaa ; this, together with a fresh soppty of air, and 
the same volume of coal gas as before, formed the next 
charge. It need hardly be pointed ont that the presence 
of prodacts of combustion reduced the proportion of gas to 
pure «r, for if ttats ratio had remained constant during the 
whole series, it would have necessitated a reduction in the 
quantity of coal gas, and consequently a redaction of the 
maximam , explosion pressure. TJndoabtedly the best 
arrangement would have been one in which the cylinder- 




Fig, 105.— lodiator dlagnm, ons TolulIi« 10*1 gu, «lght Tolum« ilr. 

itself could have been subject to alteration in volume, for 
each experiment, sufficient to contain the quantity of 
products which might be present The conclusions which 
may be deduced from these experiments involve the careful 
consideration of this point. The gases for each experiment 
were taken into the cylinder in the following order : — 
L The products of the previous combastion, if any. 

2. Half the volume of pure air. 

3. The coal gas. 

4. The remaining air required to complete the charge. 
No appreciable time was allowed for the diSiision of the 

mixture, it having been tired immediately after taking the 
teDiperatnr&. It is impossible to estimate how the diffnsion- 
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of the guea in a working gas-engine cylinder is aasisted by 
the rapid motion of tho piston, though it ia probable that 
the coal gas and ftir are more intimately mixed with one 
another than with the residual gases. In all experiments 
great care was taken to obtain atmospheric preesnre in the 
cylinder, special precaution being taken to allow the excess 
<^ pressure of the coal gas to escape after nnconpling the 
supply. 

The coal gas nsed thronghont the experiments was taken 
from the service pipes of the Leeds gas supply. From 
analyses of three samples made by the author after the 
experiments, the composition was found to be as follows : — 

Aka^ltsis of Leeds Coal Gas. 
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The mixtares experimeDted Tipon irere u follow :— 
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* Failed rcpc&teal.T w eiplude. 

Refemns to Table L (Appendix), it will be seen tbat after 
igniting a mixture of 1 volame of coal gaa and 15 volnnies 
of air, the residue iras added to the next chaise in the 
proportion of 6 per cent of the cylinder volame. Column 5 
gives the actual pressure above the atmosphere as recorded 
by the indicator. In calculating the calorific values of the 
volnmes of coal gas present in the experiments, the original 
temperatures and barometric pressures were allowed for ; 
in other cases, the slight variations in initial temperature 
and barometric pressures have been neglected. 

In Column YL is recorded the rise of pressure above, txe 
fall below, that obtained with a pure mixture, when the 
virions percentages of residue were added. The greatest 
rise of pressure, namelr, 19 lb. per square inch, took plaoe 
when the products of combustion amounted to about 30 per 
cent of the whole cylinder volume, which left a proportion 
of coal gas to pure air of about 1 to 9^ bf volume. The air 
was again decreased by the addition of residual gases until, 
in the proportion of 1 volume of gas to 6 of air, the rise in 
pressure was only 8 lb. per square inch above tbat recorded 
for the pure mixture. Fifty-five per cent of products was 
found to be the greatest quantity tbat might be introduced 
without preventing ignition. The results given in 
Table IL show that when the mixture was originally in 
the proportion of 1 volume of gas to 14 of air the expIoBioDH 
were somewhat less regular than in the previons cases, ftnd 
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the maumam rise of pressure woa greatest when tli<t 
reiidoal gaaei vere preseat in the proportion of from 10 to 
30 per cent, bnt onlf 12 lb. per eqaare inoh rise above the 
normal iras recorded in this series. 

The accompanying diagram, fig. lOG, haa been prepared 
from the fignrea in Ckilnmn YL of the tables. The ordinates 
above the line A B represent the excess of pressore above 
Uiat recorded when mixtures of pure air and gas weru 
exploded. Below the line the fall in pressure is plotted. 



prMBnn dug to th* 



The abscisBB represent the percentages of residue present. 
The curve marked a represents the rise of pressure with a 
mixture of 16 to 1. Similarly, the curve marked h, with 
a mixture of U to 1. When the volume of coal gas is a» 
great as one-tenth of the cylinder volume, the addition of 
residual gases immediately reduces the pressure below that 
of a pure mixture. The general conclusions which may be 
be drawn from this diagram are as follow : That with weak 
mixtures the maximum pressure is least when the excess of 
pure air is greatest. That the maximum pressnre, obtained 
from a given quantity of coal gas, rises as the excess of air 
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is diminished bf the addition of products of combastioa , 
but thia no longer holda when the volume of pore air to coal 
gaa approaches the proportion of 10 to 1. 

From an examination of fig. 107 it is seen that the explosion 
becomes more rapid as the excess of air is replaced b; 
nentral gaaea. If the time ia short compared vith that of 
the ontstroke of the motor, then the expansion line of an 
indicator diagram, taken nnder ordinary conditions, woald 
be belov the adiabatic carre. If, on the contrary, the 
bnming continaes during the whole of the ontstroke, the 
expansion carve would probably be above the adiabatic, 
and would consequently give a greater mean effective 
pressure. Althongli in the diagrams before Oa we have only 
the curve dne to cooling, we may still estimate the relative 
economy of a charge by measuring the area enclosed by the 
carve of pressure from its commencement to a point 
determined by an ordinate of time, which shall be chosen 
eqnal to that of the ontstroke of a motor. Aasumii^ the 




rather slow speed of 25 second as being the duration of the 
ontstroke, we obtain the following mean pressures derived 
from the areas of the pressnre-time diagrams np to 025 
second. It appears from the following calcnlations that 
the mean pressure is not influenced by the quantity of the 
prodnctfl of combastion present; but it is always a 
16(i 
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when pore air ia present in the proportion of nbont 10 to 1 

of KH- 

Pablk of Gbkatest Meak Prkssures, Cauiduted from 
psbsscek-timx dlaqramb, dp to os seconds from 
oommencemest of explosios. 
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From the compoaition of the coal gEia naed, it has beat 
c&lcntated that 5'7 volumes of air are required for oomplete 
combnstioa ; and the experiments show that, as long as this 
ratio is not widely departed from, the mixtare is explosiTc^ 
notwithstaodiug the presence of 55 per cent of inert gases. 

The results of all the experiments point conclusively to 
the fact tbat the ratio of air to gas alone determines the 
possibility of an explosion, and tbat the explosion pressure 
depends chiefly upon a suitable ratio being chosen. 

The total heat evolved in each of the experiments was U 
follows :— 
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It -was foand, as might be anticipated, that the eiploaion 
pressures varied directly as the number of thermal nnita 
generated from the combnstiou of the gas. In fig, 108, the 
explosion pressures have been plotted as ordinates, and the 
number of British thermal nnits as abscissie. 

The diagrams in all cases show an alteration in the rate 
of combustion, in two places, bnt in no instance is there any 
sign of an actual redaction in pressure — merely an alteration 
in the rate of increase. Mr. Dugald Clerk, in his work 
upon the "Explosion of Gaseous Mixtures," produces an 
indicator diagram taken during the explosion of a mixture 
of one volume of gas to five volumes of air, in which the 
pressure curve distinctly falls after havii^ reached a pressure 
of GOlb. per square inch ; it then rises to its maximum of 
nearly 100 lb. In none of the diagrams taken by the author, 
■or in any single instance, out of some hundreds of experi- 
ments made by the Students of the College, has any such 
fall been recorded. It is therefore impossible to believe in a 
theory which attempts to explain it Mr. Clerk's theory 
supposes that, after complete inflammation has taken pUce 
the pressure is further raised as the constituents of the coal 
gas combine with oxygen, only at a much slower rate than 
during inflammation. So far this may be satisfactory, but 
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to believe that this explains the momentary fall in pressare 
iE^ in the anthor'a opinion, carrying the theory beyond its 
legitimate application. 

It is fonnd from an examination of the diagrams taken 
durii^ the explosions of pure mixtarea of air and coal gas, 
that the first alteration in the slope of the rising pressure 
cnrre occars at 0'4 of the maximnm height of the diagram. 
VTbatever may be the real canse of this characteristic of all 
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coal-gas explosion diagrams, it is interesting to note that 
the heat generated by the combostion of the hydrogen and 
the olefinea combined is fonnd to be just 0'4 of the total heat 
of the whole of the constituents of the coal gas experimented 
npon. Experiments have been made by Messrs. Y. Meyer 
and F. Fryer, to determine the temperature at which each 
of the constituents of coal gas combine with oxygeiu tii» 
reaulta of their experiments are as follow : — 



■uLvGooglc 



EFFECTS OF THK PE0DUCT8 OP OOMBDSTION. !i29 

loNiTioK Temperatures of Exfijjsive Oaseous 

MiXTUBIS BUBNT m A CLOSED BULB. 

H^drogeti combined with ozygan at 1,124 d%. Fah. 

Olefinea combined with oxygen at 1,124 deg. Fah. 

Mareh gas combined with oxygen at 1,201 deg. Fah. 

Carbon monoxide combined with oxygen at 1,347 deg. Fah. 

It will here be noted that the hydrogen and olefinea bnro 

at the lowest temperature, namely, 1,124 deg. Fah., that the 

marsh gas bnms next in order, and lastly the oarbon 

monoxide at the highest temperature. From the calorific 

values of the constitnents of the gas, vbich are given in a 

previouH table, 1 lb. of coal gas is fonnd to contain — 

8,301 thermal units due to hydrogen and olefinea 

1 1.148 thermal units due to marsh gas. 

ili thermal units due to carbon monoxida 

20,162 total 

The total heat may, therefore, be divided into three parts, 
the proportion of each to the whole being — 

()'417 of total heat due to hydrogen and olefinea 
0'548 of total heat due to marsh gas. 
0035 of total heat due to carbon monoxide. 

The annexed diagram (fig. 109) shows the application of 
these figures to the results. This diagram was taken 
during the explosion of 1 volnme of gas mixed with 12 
volumes of air. If horizontal lines are drawn through the 
points A, B, C, the figure is divided into three banda If 
the specific heat be sensibly constant, then the pressures 
produced will be proportional to the heat developed at a 
given time. If, then, 041 of the total heat were developed 
first, we should expect to find the height of the first band to 
be 0'41 of the total height of the diagram. From several 
diagrams taken with pure mixtures the mean height of this 
band was found to be 0*403 of the total height. In the 
shaded diagram illustrating this point, the heights of the 
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buidi are not qaite in agreement with the previona fignres, 
but very nearly >o. The diagrami, taken when the residual 
gMes are present in large Tolnmei, ihow the point A ia very 
mnoh raised, probably on aoconnt of the hydrogen and 
olefinea (xunbioii^ with the greater part of the oxygen 
present, the remamder being inanfficient to completely bum 
the marsh gas and carbon monoxide. In other words, the 
total height of the diagram ie not what it wonld have been 
had the beat dne to the marsh gas and carbon monoxide 
been wholly developed. 



rra. l«i. 

In every experiment the pressures recorded were low 
compared with those obtained by Clerk. Fig. 109 shows a 
maximum pressure of 381b. per square inch above the 
atmosphere, from which the maximum temperature works 
out to l,360deg' Fah. The maximum temperatare possible 
was 3,260 deg. Fah., showing a loss of heat of SB'S per cent, 
or 41'5 per cent aooonnted for, and the maximum pressure 
correspcmdingly higher. The difference is no doubt due to 
the fact that water was present on the walls of the cylinder, 
much of the heat thereby rendered latent in oonverting it 
into vapour. The pressure at the point A on fig. 6 is about 
18 lb. per square inch above the atmosphere, and the heat 
accounted for at this point is found to be 49 per cent of that 
due to the hydrogen and olefines. That the heat accounted 
for at points on the pressure line near the atmospheric is 
more ^an at the maximum is what we should anticipate, 
for the cooling curves are all much steeper at the top than 
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lower, showing that the rate of traasmisBioa of heat ia 
greateat at the highest temperatare. 

A siimmary of the whole aerie of these experimeDta is 
shown by fig. 110. Plotted to a scale of 20 lb. =1 1 in. are the 
preasnres recorded during each experinieDt. The dotted 
line pasaea through all the points of pressure ; the full lina 
shows the mean rise and fall of pressure throughout. 
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COKCLUSIONS. 

From these oombined results the following conclasions 
may be drawn : — 

1. That the highest pressar«8 are obtained when the 
Tolame of air present ia only slightly in excess of the 
amoont required for complete combustion. 
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2. That higher preunrea are recorded when residnal 
gasea take the place of an exetu of air. 

3. That irhea the volume of the prodaots of combaBtion 
does not exceed 68 per cent of the mixture, then it is 
exploaive, provided the volume of air is not legs than Sti 
times the volume of coal gas. 

4 That the time of an explosion is mnch redaced -when 
excess of air is replaced by prodncts ol combiiBtion. 
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APPENDICES TO PART I, 
Tables of Results of Expesihents ok the Effects op 
THE Pkoductb of Combostion OFON ExPLOSrVK 
Mixtures of Coal Gas and Aik. {Refbbked to in 
Chaptee XIX.) 

Table I. 
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CHAPTEK XX. 

ACETYLBNa QaS. 



Acetylene gu is now nsed for lighting purposee in isoUted 
towns and vtlUgea. With tbe object of aacertaining how fkr 
thiagaiia applicable to gas engineai tbe following experi- 



menta have been made. The apparatns osed was a modi6ca- 
tion of that already described A gas holder was added by 
which the volame of acetylene coald be accurately meaEnred 
withont introducing water into tbe explosion cylinder. The 



igniting arrangement and the manner in which the timea 
-were recorded were alike improved npon. 

The experiments were carried out in the fallowing way :— 
A known body of acetylene una was admitted to a cylinder, 
and time allowed for its diffaaion with the air therein. The 
mixture was ignited by electricity, and the prewnre de- 
veloped was meaaared by means of a Crosby indicator, the 
pencil of which worked npon a dmm revolving at a known 
speed. In this way the proportions of acetylene and air, the 
time taken to complete the Inflammation, and the pressnres 
developed were observed. The products of combustion were 
analysed and the original mixtures checked. When any 
disorepanoy was found, the qnality of the original mixture 
was determined from the analysis of its products. 

The acetylene gas was generated from an apparatus, 
illustrated in Fig. 111. The calcium carbide was placed in 
the part A. The parts C B were filled with water op to 
about six inches from the top. After taking precautions 
to free the generator from air, the acetylene was drawn off 
through a pressure-regulating valve attached to the pipe E. 
Beference will be made later to the purity of the acetylene 
obtained. 

The volumes of gas were measured by means of an 
apparatus shown at Fig. 112. The vessel C consists of a 
copper pipe of uniform bore, closed at the top, and fitted 
with a pipe F for the transmission of the gas. The open 
end of this vessel is immersed in water contained in W. 
An open glass tube T is fitted to the lower end of W, so 
that the height of the water may at any time be observed. 
The tvbe T slides in a graduated tube, rigidly attached to 
C The water vessel W is supported by balance weights, 
which permit of it being raised to displace a measured 
volume of gas into the explosion cylinder E. Any error due 
to the displacement of the water by the vessel C is ' 
eliioinated ; and by taking meaanrements at atmospheric 
presaure, the volume of gas used is accurately determined. 

The explosion cylinder is shown at E, and consists of ■ 
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cut-iroD pipe flanged at both endi. The cock A was used 
for admitting the acetylene from the meter. 

The ignitioDS were effected by meatiB of an internal 
contact-breaker, I, conpled in Beries with a glow lamp to the 




electric light leads of the bnilding. The glow of the lamp 
safficed to show that a contact had been made ; and by 
quickly switching off the cnrreut, the spark necewary for 
ignltiog the mixtarea was prodnced. The rotating wing; S, 
which constitnted part of the igniter, was also used for 
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stirrisg the mixture before igoitioD, to assist the diffusion. 
When this was being rotated for this purpose, it was 
temporarily disconnected from the electric light leads so 
that no sparks were then generated. This sparker has 
several advantages for experimental work, and has been 
adopted in these experiments in preference to the arrange- 
ment by which a high tension current sparks across an air 
gap. The advantages are, that the contact points are kept 
clean by friction ; that there is no trouble with defective 
insulalion and consequent short circuiting of a high tension 
current; that moisture does not afiect the sparker; and 
lastly that the Experimenter has evidence of the ffficiency 
of the apparatus by the glow of the lamp and its subsEquent 
extinction. This is extremely important, because the fidlitre 
of a mixture to explode may be due to the inefficienuy of the 
sparker, and when this is so, it cannot, with this arrange- 
ment, be falsely ascribed to the mixture. 

A Crosby indicator was used for determining the pressure. 
The pencil was held by a light spring to the revolving drum 
(fig. 112), driven by clockwork. To measure the time from 
the cooimencement of ignition to the completion of inflam- 
mation, it was necessary that the drum should rotate 
quickly. The peripheral speed of the drum was 38'4 inches 
per second, so that one-hundredth of a second was repre- 
sented by 0'384 of an inch measured horizontally on the 
diagram drawn by the indicator. The speed of the drum 
was obtained in the following way. The watch, M (fig. 112), 
was mounted vertically on a small spur wheel geared to the 
worm R, rotating with the drum. The worm rotated the 
watch contra -clock wise. Hence for a certain speed of the 
drum the centre-second hand became stationary. On the 
centre of the hand a small mirror was fixed, so that by 
observing the image of any distant object in the mirror, it 
was easy to determine accurately when the hand was 
stationary. At this instant the gosea were ignited by 
turning the wing 8 ; the result was that the surface speed 
of the paper was always the same at the instant of ignition. 
17n 
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This method ot aecnring a uniform time record is an 
extremely accurate one, and may be performed witli com- 
paratively rough appar&tna ; and moreover the principle in 
one which may be applied with modi6catiotiB to meaanre 
time in a variety of laboratory experiments. 

For compressing the mixtures before ignition, a Weatiag- 
bouae air pump waa used. 

The first series of experiments consisted in explodins 
mixtures of acetylene and air at atmospheric pressure- The 
temperature before ignition was observed after the gases had 
diffused for 10 minutes. Mixtures ranging from 18 volamea 
of air to 1 of gas, and 4 of air to 1 of gas were exploded. No 
weaker mixture than 18 to 1 could be iired at atmospheric 
pressure. The superior limit waa not obtained by experiment, 
but it ia known that mixtures of IJ of air to 1 of gas will explode 
at atmospheric pressure, and that by heating pure acetylene 
when compressed to two atmospheres it explodes without 
air. The pressures obtained are given in the tables appended, 
from which the points on Fig. 113 have been plotted. On 
the same diagram the corresponding pressures obtained with 
mixtures of coal-gas and air exploded in the same apparotna 
are plotted. It will be noticed that with weak mixtures of 
acetylene and air, the pressure is more than three times as 
great as with the same mixtures of coal-gas and air. But 
with stronger mixtures of acetylene the increase of pressure 
is less than twice as great In making such comparisons of 
the two gases it must be remembered that coal-gas requires 
5.7 volumes of air to 1 of gas, whereas acetylene requires 
12.5 volumes of air to convey the necessary oxygen for its 
complete combuation. This fact accounts entirely for the 
relative positions of the curves on the diagram. 

Not less remarkable than the increase of pressure, is the 
redaction of time for the complete inflammation of the 
gases. Thus it was found that inflammation was complete 
with acetylene mixtures in from 01 to 0018 of a second, 
whereas with coal gas the times observed for the same 
mixtures were 0-5 to 0-25 of a second. 16 to 1 is the weakest 
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mixture of coal gas that can be exploded at atmospheric 
preaaure, but with acetylene the limit is 18 to 1. The 
maximnm pressare recorded was with a mixtare of 7 to 1. 
SabBcquent experiments with the mixtures at more than one 
atmosphere, showed that the true mixture to give' a maxi- 
ruam pressure is nearer 11 to 1. The regnlaiity of the points 
plotted on Fig. 113, indicate that the mixtures of air and 
gas were correctly measnred. Sabseqnent experiments with 
the mixtures fired at more than one atmosphere gave some- 
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vhat discordant results, and lead the author to snspect that 
the true proportions of air to gas were not always identical 
with the proportions as measured by the apparatus. In the 
last series of experiments, where the discrepancies were 
most marked, the prodncts of each combustion were analysed, 
and it was found that the true mixtures calculated from the 
analysis of the products of combustion were weaker than 
the eopposed mixtures. It was at first thought that the 
escape of the gases from the cylinder during the time 
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allowed for their diffosion «t the higher initial presanres 
TM the caose of thia discrepanoy . That this was not the 
lole canae was shown bjr an analysis of gas from the holder 
after it had been drawn from the acetylene generator. The 
acetylene which was sapposed to be purawos found to con- 
tain from 6 per cent, to SO per cent of incombustible gaa — 
chiefly air. The greater proportion of air was found in the 
generator immediately after charging it ; but as the gas waa 
drawn off the proportion of air gradually diminished. In 
no instance is it likely that pnre acetylene gas is delivered 
from a small generator because of the inevitable secretion of 
air and the diffusion of the gas with it during its expulsion. 
This is not detrimental when the generator ii used for light- 
ing purposes, but care should be exercised in order to avoid 
ignition of an eKploaire mixture just a^ter charging. The 
errors possible in the mixtures in the explosion cylinder due 
to the air in the generator may be estimated as follows :— 
Let X equal supposed volume of air in explosion cylinder 

when the volume ,of gas is supposed to equal 1. Then 

the supposed ratio of air to gas is represented by xll. 
Let Ijy equal actual volume of air in gas holder per 1 volnms 

of gas and air. 
Then the true ratio of air to gas in the explosion cylinder 

equals 

i±!*whidir=duo«lo3L!:i equ.]. '"'"°'°°' °,' "' ■ 
I - Ijy y -1 true volume of gas. 

Now when l/y ^ 1/5 = 20% of air in generator, true volume of 

gas to air in esplosion cylinder becomes 1-25.c+0'2j. 

Now when l/j/= 1/10=10% Vlx +01 

„ „ l/j/'-l/20= 5% IflSiC -HO-05 

, „ „ i;y=l/40=2i;/ 102Ba;-l-0'03 

From these figures it appears that the mixture plotted in 
fig. 113 as 15 to 1 should, with 5% of air in the generator, 
be plotted as 167 to L In the first series of experiments 
the error is not greater than this, because the charging of 
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the generator wm maob less frequent than in later experi- 
meatB. And, morooTer, any discrepant roanlt which was 
obtained jast after oharginK the generator was repeated. In 
the aeoond and third series of experiments the volnmes of 
gas used necessitated the more freqaent charging of the 
g'-neratoF ; and consequently the air bears a larger propor- 
tion to the gas. Htviag investigated the caaie of the dis- 
crepancies, the author feels jastiGed in accepting the prea- 
snrea exhibited by the smooth carves in the diagrams, 
especially as the mixtnrea in the last aeries have been plotted 
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in fig. 115 according to the proportiona of air ascertained 
from the analyaia of the prodaota of combastion. 

The second series of experiments were made with the 
mixtnrea compressed to 15 lbs. per sqoare inch above atmo- 
apbere before ignition took place. In each of these experi- 
ments the weights of gas used were twice as great as in the 
first series. The gas required for each combustion was first 
measured at atmospheric pressure and then driven over into 
the cylinder. All cocks were then closed, and compressed 
air was pawed into the cylinder, until the pressure gauge 
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abowed 15 lbs. The mixture wm then stirred and allowed 
to atand for ton ninntes before ignition waa attempted. It 
was found impossible to keep the pressure at exactly 16 lbs., 
owing to slight leakages past the valves in connection with 
the apparatus ; but in all cases the pressnreand teniperatnre 
just before ignition were recorded and allowed for in making 
the reductions. As the ratio of the gas increased, its leak- 
age preponderated over that of the air, because the un- 
diffased gas in the cylinder occupied the region near the 
indicator cook aa well as that near the inlet cock. The loss of 
pressare was never more than 2 lbs., and cannot seriously 
prejudice the resulta. In series 2 (fig. 114) the i 




ratio ^alreoga^bi/ vcUvTnc. 



pressure recorded was with a 9 to 1 mixture, and the time of 
inflammation was 0'02 of a second. The weakest mixture 
that could be tired was 21 to 1 as measured by the gasholder, 
and without corrections for air in the generator. Supposing 
there to be 10 per cent, of air in the gasholder the true 
mixture would have been 23'1 to 1. It is not likely that 
there was so much air in the gasholder. 

Four mixtures of coal gas in the proportion of 1 and 8 to 
II to 1 were fired at the same initial pressures ; the maxi- 
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mam pressure of the ftcetylene exploaiona wm found to be 
from 1'5 to 27 as great as with the corresponding mixtnteB 
of coal gas. 

In the third series of experiments (fig. 116) the mixtures 
were fired at 30 lbs. per square inch above atmosphere. Th« 
strongest mixture fired was 117 to 1, and the weakest 30 to 
1. It ifl probable that higher pressures would have been 
recorded with stronger mixtures, but it was inadvisable to 
experiment further in this direction, as the margin of safety 
of the explosion cylinder was nearing a safe limit. More- 
over, it will ultimately be shown that the most economical 
mixture to use is not in the neighbourhood of 12 to 1, but 
very much weaker. 

In this series the trouble due to leakage was accentuated, 
and sometimes the pressure dropped 3 to 4 lbs. per square 
inch during the time the gases were standing for diffusion. 
Having regard, however, to the fact that in all cases the 
products of combustion were analysed, and the results 
plotted according to the presence of air indicated by the 
analysis, it is probablethat a higher degree of accuracy was 
secured in these experiments than in the former. 

352 lbs. per square inch was the highest pressure recorded 
with au 11 7 to 1 mixture, fired at three atmospheres. The 
lower limit, namely 30 to 1, gave a pressure of 180 lbs. per 
square inch. To produce such a pressure with coal-gas, a 
mixture of to 1 was needed. 

The time to attain to complete inflammation of the gase^ 
was found to be from 13/1000 for strong mixtures to 2/10 of 
a second for the weakest mixture. It must be noted here 
that the times recorded by the indicator include a consider- 
able error due to the inertia of the piston and other moving 
parts of the indicator. And further, that the shorter the 
time recorded, the greater will be the error due to these 

From the diagrams obtained during the explosion of the 
mixtures the temperatures of the products of combustion 
have been calculated on the assumption that the laws of 



Mariotte and Oay-Lnssac are trne for these high tempera- 
tnrea and pregaares. M. Berthelot, writing on this subject, 
says, " The laws of Uariotte and Gay-Loaaac are hardly 
applicable in the cage of anch eaorraous preaaures as those 
observed in the combnatiou of powder. With greatly 
compreased gases the preastire varies with the temperature 
much more rapidly than wonld follow from these lawa ; it 
approachea the rate observed by physiciata in the study of 
vapours. For a given temperature the pressure ia therefore 
generally higher than that which would be given by calca- 
tating according to the ordinary laws of gases. This tends 
to compensate in the calculation of pressures the contrary 
inSaences exercised by the variation in the specific 
heata." 

The theoretical temperature^ on the aaaumption that uo 
heat ia tranaferred to the walla of the cylinder during 
inflammation of the gases, has been calculated in the 
following way. The calorific value of acetylene is 1,5M 
B.T.U's. per cubic foot at 32 deg. Fab. when the water formed 
by its combustion is not condensed. The weight of the 
mixtures and the true volniues of air and acetylene are 
determined from the products of combustion. It remains, 
then, to find the specific heat of the products. There is 
aome difficulty in this, because of the inaccurate knowledge 
of the specific heata of K&aes at high temperaturea. ThvB 
the specific heat of steam at 3,600 deg. Fah. (a temperature 
reached in the experiments) has been given by Mallard and 
Le Chatelier as 068. That of carbonic acid as 0308, and 
nitrogen at 216, The specific heat of oxygen and carbonic 
acid are nearly the same at low temperatures, and it has here 
been further assumed that the specific heat of oxygen at 
high temperatures ia the same aa carbonic acid. Even if 
this assumption be incorrect, the error in the apecifio heat 
of the mixtures experimented on is insignificant, becauae 
the proportion of oxygen present in the products ia very 
small in comparison to the nitrogen — the chief oonstitneDt 
in determining the specific heat. 
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The prodncta of combaetioa of acetf lene and oxygen are 
given by the following equation ;— 

2 CaHs + 5 O give 4 COj + 2 HjO 
(2 voIb.) + {5 volfl.) = (4 Tolfl.) + (2 vols.) 
Thus it ie evident that two volumea of acetylene give four 
volames of carbonic acid and two volnmes of steam. In 
performing the analysis the steam does not appear because 
it is all condensed before the gases reach the bnrette. Bat 
the ateam exists as steam in the cylinder, and must be 
included in the calcalation for specific heat. It will be 
noticed that acetylene always produces its own volume of 
steam and twice its volume of carbonic acid. From the 
analysis of the products we can easily estimate the volnme 
of steam. 

The following analysis was obtained after exploding a 
21-1 mixture:— 

Constituents CO^ 0. N. Steam 

VolumeB(not%) ... 90 ... 85 ... 82b ... 46 

Densities 219 ... 1(1 ... 14 ... 89 

Densities x volames... 197 ... 13G ...1,150 ... 40 

Total.. .1,523 
Proportion by weight of carbonic acid is — 

197/1,523 and 197/1,623 x 303 = 0040 

Ditto oxygen 136/1,523 and 167/1,523 x 0303 = 0027 

Ditto nitrogen 1,150/1,623 and 1,150/1,523 x 0'215 - JC3 

36/1,523 and 30/1,523 x 68 = 0016 

Total specific heat of one part by weight ... S4t> 

From two widely divergent analyses we find in this way 
that the specific heats work out to 0246 and 0249. In 
working out the results given in the tables the value 0*245 
has been adopted ; it will be noticed that this value is 
slightly prejudicial to the efficiency. 

The ratio of heat shown on the diagram to that given by 
these calculations is from 4? per cent to 73 per cent, which 
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figarea may bo taken to reprewnt the efficiency o( the com- 
boetion. With coal-Koa the efficiency has never been greater 
than 50 per cent, and is generally nearer 40 per cent It is 
necessary here to bear in mind that the shape of the explo- 
sion vessel has considerable influence on the efficiency. The 
efficiency is greatest when ""rface of eontsming vessel j^ ^ 

volame of containing vessel 
minimDm. The efficiency is also very largely influenced by 
the time -which elapses before the inflammation is complete, 
which is efiected by the proportion of diameter to length of 
containing vessel, the condnctivity of the gases, and the 
walls of their coutiuning cylinder. The conductivity of 
cast-iron renders the time factor by far the most important 
in determiniog the efficiency of the gases experimented upon. 
Bearing in mind that the time to complete inflammation in 
the coal-gaa mixture ia mach greater than with acetylene it 
is not surprising that the efficiency of the latter is mucb 
greater. 

The phenomena of dissociation have an important bearing- 
on the question of efficiency, as calculated from these 
experiments. The dissociation of the gases at high tem- 
peratures limits the maximum pressure, consequently the 
higher the temperature the nearer do we arrive to the limit, 
and the greater is the interference due to dissociation. On 
the other hand, when the mixture is rich in gas the time for 
its inflammation is short. This would tend to increase the 
efficiency, whereas the influence of dissociation tends to 
diminish the efficiency. Having regard to the order in 
which the efficiencies work out in Table 3, it would appear 
that the dissociation of the gases has a preponderating 
influence, resulting in the gradual reduction of efficiency as 
the mixtures become stronger in gas. This does not appear 
to be the case (Table 1) when the mixtures generally con- 
tained more acetylene than could be burnt. This influence 
would, however, not be felt in an internal combustion engine, 
because the heat due to the re-combination of the gases is 
evolved during their expansion, which efiect ia not measured 
in the above caleulatious. 



It is known that rapid cooling of gasPS tends to produce 
permanent diasociation. The analysis of the products of 
combustion proved that no sach permanent dissociation 
-wag occasioned hy the cooling action of the vatis of the 
cylinder. 

Some of the actual explosion diagrams are illnstrated in 
figures 110, 117, 118. With rflference to figures 117 and 118, 
it will be noticed that the rising pressnre cnrvps of the 
Btronger mixtures are wavy and irregular. These irregu- 
larities have been ascribed by some writers to the effects o£ 
dissociation. A great number of diagrams were taken in 
which no such irregularity appeared, not withstand in g tbac 
the temperatures were more than 3,0C0 degrees F. It is 
therefore concluded that these effects are due to the 
indicator. The effect of dissociation is to limit the final or 
maximum pressure, and to sustain it during the cooling of 
the gases. It is probable that the effects were produced in 
the present experiments, but beyond the order of the 
efficiencies already referred to, there is no evidence of the 
action of dissociation. 

To find the maximum effect produced on a piston by any 
mixture, the maximum pressure is multiplied by the num- 
ber representing the volume of air, plus one. Working 
these values out for each series of ejcprrimeuts, it appears 
that at one atmosphere a 13 to 1 mixture gives the greatest 
pressnre on the piston. At two atmospheres the most 
efficient mixture for producing pressure is 15 to 1. At 
three atmospheres a mixture of 27 to 1. It is prolwble that 
with a higher initial pressure weaker mixtures might be 
found to be even more efEcient In any case it is obvious 
that the higher the initial pressure the weaker the mixture 
which gives the maximum effect on the piston, and by 
increasing the initial pressure to 50 lbs. per square inch it is 
likely that mixtures of more than 30 volumes of air to one 
of gas will be found to be the most economical. 

It has been thought that great difficulty would be 
experienced in working a motor on acetylene gas on account 
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of the Blow diffuiion of the gas with the air. The author 
experienoed leag trouble with the ignition of acetylene than 
with coal-gaa, when the same time ie allowed for the 
diffaaion of each. He therefore anticipates no ditEcultiea in 
the application of acetylene to motors. It has also been 
thought that incomplete combnstion woald lead to a rapid 
deposit of carbon. After each exploaion, when the products 
of combustion were being discharged from the cylinder, a 
piece of white paper was placed in front of the small pipe 
from which the products were escaping at a high velocity. 
This paper was perfectly clean after all the gases had been 
dischai^ed from the cylinder. This would certainly not 
have been the case if a large deposit of carbon took place. 
There is no doubt that with incomplete combustion 
occasioned by working with too atrosg mixtures, there 
would be a serious deposit. The large excess of osygen with 
which it is found possible to explode the gas to advantage 
is a guarantee that no serious deposit in the cylinder is 
likely to be met with. 

The efficiency of acetylene motors should be higher than 
that of any heat motor ; and the author is of the opinion 
that this will ultimately reach 35 per cent, chiefly by 
increasing the speed of revolution. But taking a thermal 
efficiency of 30 per cent, the consumption of gas will be 
G'l cubic feet per horse power hour. Taking the preiSent 
price of carbide at £20 per ton, it is evident that the cost 
of running a motor on acetylene is 3'6 pence per horse power 
hour. Thus the cost is at present prohibitive of the adoption 
of this gas in large power stations. But the convenience 
of the method of generation of the gas renders it of the 
greatest value for propelling light vehicles. For instance, a 
vehicle of one ton grosa load could run for 10 hours on 
GO lbs. of calcium carbide and about 32 lbs. of water for its 
reduction. About 2^ cubic feet of space would be taken up 
by the carbide when broken to the gauge of ordinary road 
metalling (a substance which closely resembles carbide in 
appearance). 
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Acetylene fok Motive Poivkk. 

The charact«ristica of kh explosion of varioas mixtores t4 
acetylene gaa and air are : (1) The great rapidit; of flcime 
transmiuioii ; (2) the high combaation temperature and (3) 
the extraordinary energy evolved in the explosion ; (4) the 
low ignition temperature. These points are all in {avoar of 
the use of acetylene in combastion motors. 

According to the leatilts of experiments made by Mr. H. 
Schrey on a amall motor, we £nd that 6'35 cubic feet of gas 
were naed per H.P. honr. This confirms the theoretical 
calcnlation, baaed on a thermal efficiency of 30 per cent, 
namely, that an en(;ine should work with fi'l cubic feet per 
hour. Witb regard to these experiments it wm said that 
twice as much oil was reqoired to lubricate the cylinder aa 
was necessary with coal gas. This may have been due to 
the unnecessarily large proportion of acetylene gas in the 
explosive mixture owing to smaU compression before 
ignition. The results of the experiments quoted lead to the 
conclusion that acetylene was not likely to be used to 
advantage in large installations. We are of the opinion that 
ibe experiments were not sufficiently exhaustive to warrant 
this conclusioD, and in view of the explosion experiments 
elsewhere described, we are strongly of the opinion that 
with cheap productions of carbide very great use will be 
made of acetylene for power purposes. 

In tests that have appeared from time to time on the nse 
ol acetylene in gas engines^ the proportions of the gases 
have been erroneously given. Having regard to the small 
proportion of acetylene neceaaary to form an explosive 
mixture, accurate measurement of the volume is important. 
But unlesa the volume of air be measured with the same degree 
of accuracy, the proportion cannot be determined between 
the two owing to the expansion of the acetylene in the 
cylinder and the consequent displacement of tiie air. The 
only satisfactory determination of the proportions of air to 
gas can be made by an analysis of the products of combustion. 
Any other determination can only be misleading. With the 
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primitive means at the disposal of the experimenter, in tha 
majority of cases it is probable that he will only be able to 
Ascertain the most economical quantity of gas to be supplied 
to the engine. This is satisfactory as far as it goes, bnt it 
gives no indii^iition of the actnal proportion of the mixture, 
and is no gnid i for the design of other engines, wherein lies 
the great vaioe of experimentation. 



TABULATED RESULTS. 



Mixtures of acetylene and air exploded at atmoipheric presmre. 
Liitial Temperature 32 deg. Pah. 

rropocliOB o(»lr 

Max, pT«8i. Ujl 

»q. In. .. 64 ;t 8S 83 89 95 103 103 111 llj 106 10:! 101 

ElBdaDcy. per 

cent .. 47 S3 !.ci 53 6) 5S 04 63 71 M 71 70 71 

Tablb No. 2. 

Mixture) of acetylene and air exploded at two atmoipkeres. 

Initial Temperature 32 Aog. Fah. 

ilr to gU Sl-1 20-1 19-1 lS-1 17-1 15-1 15-1 U-1 131 13-1 U-l 10-1 9 1 B-l 
Mai.pIM, 121 127 115 138 129 14J 171 159 170 IflS 177 lOS 1110 17t 

Table No 3. 

Mixtures of acetylene atid air exjJoded nt three atmospheres. 

Initial Temperature 32 deg. Tah. 

AlrtoBU .. aO-1 J2-1 31-1 19(-1 17-5-1 lS-9-1 161-1 U7-1 12-3-1 1!-1-1 U-7-1 
Uai. piw, ..146 197 ^07 311 £46 !!S« E&9 !01 3DS 307 Sib 
Effidsnoy, per 

Calorific value of (C^ Hj) acetylene (steam not condensed) = 
1604 BTU'a. per cubic foot at 32 deg. Fah., and 147 lbs. 
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W«ght of one cubic foot acetylene at 32 deg. Fah., and 

14 7 = 0.0725 lbs. 
12*5 volnmeg of air reqaired per volume of acetylene for its 

complete combaation. 
When acetylene ia completely bnmt, and the prodncts of 
combustion analysed, the original mixture of air to gas i» 
given by the following :— 

Il-S + I0g2:. ihs limiting vsliieol which eiprBMion = 12-5 whan the O. =0. 



\ 



WBlg ht of carMda 



Analysui of products of combustion of mixturea of acety- 
lene and air exploded at three atmospheres. 
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CHAPTER XXI. 
Gas Engine Efficiencj 



We have recorded the historic and modera development of 
the gas engine, and in bo doing we have stated that increitsed 
compression before ignition is one of the chief cattses in 
determining the thermal efficiency of the gas engine. We 
will now examine, from a purely theoretical standpoint, the 
process of reasoning which leads to this conclusion, and we 
shall therefrom give other theoretical considerations which 
will lead the reader to a more complete comprehension of 
the thermal aspects of the gas engine. 

The primary object of our investigation is to ascertain the 

theoretical thermal efficiency of the Otto cycle gas engine, to 

which we shall confine our remarks. The thermal efficiency 

of any heat motor is expressed by the fraction 

hpat converted into work 

heat supplied to tbu engine. 

In testing a gas engine the indicator diagram affords the 
lueasure of the heat turned into work, whilst the gas and its 
calorific value afford a measure of the heat supplied. We 
ehall here treat the subject in a general way, putting H> for 
the heat supplied and Hi for the heat rejected from the 
engine. Using E to denote efficiency we have 
P H, - H, 

Referring to fig. 119, ae is the compression curve of an 
indicator diagram. It is supposed to be an adiabatio cnrve, 
that is, the gas compressed neither loses nor acquires heat. 
From observation of actual diagrams it will be found tliat 
the compression curve approximates very closely to the 
adiabatic. We shall use the symbols F, V, and r, to denote 
respectively absolute pressure, volume and ebsolute tempera- 
ture of a mass of gas in the cylinder, and suffixes according 
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I the diagram. Thus Pa, V<i and 
and temperature at the point a on 



to the poiot referred t 
TO denote pressure, toIi 
lig. 119. 

The Uw of adiabfttic conipressioa or expansion of a g 
expressed thus P V* = constant The value of 
„ - specific heat at constont presaure j,^^ ^^^ ^^j ^j 

specitic heat at constant volume 
law we must refer the reader to works on thertnodynami 

The pressure, volume and temperature of the gas 



\ 



related thus, 



PV 



Constant- 




Let W be the weight of mixture, Cv its specific heat Kt a 
constant volume, the beat produced by the combnation of 
the gas at the end of the compression stroke will be 

H. = W 0, (Ti - T, ) 
Similarly the heat rejected at the end of the expansion 
stroke will be 

H, = Wa(T. -r„); 
y substitution E - W q (» -r. )-WC.(r. 



and b 



~W^^i 



TV 



= 1-1 
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Thia expression may be farther simplified b; establishing 
relations Intween the temperatures denoted, thus :— 
P. T.- -P, V.» 

P. \V.) 
4UoE=J^.f^' 

from which ^1 = I? ^ 

Therefore r^ ^ /Vt\«-1 
from above t^ ^ VVn/ 

Similarly J . (Vl)-! 

Bat the volumes denoted by Vc &Qd Y. are the same, also 
V( and Va are the same. Consequently the fraction 

\ir/ ~ "V'lr)"" ' *od hence —=—. To put this in 
ivords, we should aay, the temperature of the mixture in the 
' cylinder at the commencement of compression is to the 
temperature at the end of compression, as the temperature 
at the point of exhaust is to the maximum temperature of 
the explosion. 
This relationship enables us to reduce the expression 

E — 1 - '- ' ~ — ' by cross multiplication to 

E- 1 - I? 
which may also be written 

E-I-(V.)"- 
and 

E = 1 - ^'. 
Thus wesee that thesmaller the volume to which the gas is 
«ompre3Bed, the less will be the v^lue of the fraction (-^'^ )''~ 
and consequently the greater will be the efficiency. 
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CHAPTER XX IL 

Ekteopy Charts Applied to Gas Enuines. 
Entbopt diagrftnu, or M they are tuaally written 94> dlAgrama, 
will be more widely uKd to repreunt the cbangea ol heat 
condition of the motire flaid m the; become better nnder- 
atood. The value to the engineer of the abatract qasntitf 
termed " entropy " liea in the fact that by plotting changes 
of the entropy of a gu aa abaciasn and oorreaponding changes 
of temperature aa ordinate!, the area under the onrve bo 
plotted repreaenta heat nnita and at once aSbrda a picture 
of heat diatribntion which is eaay of interpretation. In an 
indicator diagram by plotting volnmea aa abaciaate and 
preaaarea aa ordinat«a the area under the plotted carve 
representa work. The thermal e£Soiency, ■■ we have aeen, ia 
H, - H, 
H. 
The Bip diagram enablea as to represent theae quantitiea aa 
areaa and so present to the eye a picture of the proportion 
of heat ntilised to that anpplied to the motor. From this it 
will be seen that the ei> diagram ia of great importance. It 
aSorda a complete picture of the heat account of the motor 
for which the diagram ia drawn. 

Before attempting to explain the method of working out 
sDch diagrams, the mind of the reader unfamiliar with them 
will be prepared by a careful consideratioD of the following 
an^agoua calcnlationa Suppose A to lend £500 to B at 
5 per cent compound interest payable yearly, and auppose 
at the same time B to lend A (as a counter loan) £300 at 
G^ per oent compound interest also payable yearly, it is 
required to show by means of a diagram (in which area is 
used to represent mmiey) how much money will be paid by 
A to B, or by B to A, to balance their accounts between any 
limits of time within say 10 years from the date of the 
transaction. 
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The law of compound mtereet is 
M = PR" 
where M = the ftmonnt (capital + interest). 
P = capitAL 

B — the amonDt of £1 at the given rate per cenL 
From this ve can calculate the increnients in A's money 
year by year dae to his loan to B of £500 at 5 per cent 
componnd interest. 



1 


2 j 3 




Wh«tBp»JltoA 
= Inlarest to A. 


Incramantt 


^ 




'llmt. 


Li 


£51 -SS 


25 62 




3rd 


£78-75 


2«l'25 




41h 


£10775 


M03 




Sth 


£170-2* 


z 




8th 


£2319 


M-8fl 




9th 


£275-8 


SD-7 




lOlh 


£5.4-8 


31 -IB 





In column 2 the total interest from the commencement 
of the loan is calculated for each auoceaaive year np to the 
tenth year. In column 3 -we have divided each increment 
to A's money by the time (in years) which has elasped when 
the increment is added. Thoa — 

9R flo 78 75 ^ 



^ = 25, 



3 25, and so on. 



, ineremenia 
from column 3, plotting the former aa ordinates to any 



Now if we take the years from column 1, and the ~ 
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coDTenient scale of length, and the latter as abscisste (se« 
Fig. 120), it is evident that the area enclosed between any 
two horizontal lines and the plotted carve will show the 
total amonnt of money which A received from B in the form 
of interest between the limits of time indicated by the two 
horizontal lines. 




Making a similar calculation with regard to 6's loan to A 
iFe arrive at the following figures : — 



> 


= 


3 




WhstAp8y.B 
in iDtersat from com- 

= lS™™t" B. 


foment to B 






l.t 


£ig-5 


lii-a 


Slid 


£40-3 


20-1 


Brd 


£62-4 


2I)'3 


tth 


£85-2 


81-3 


nth 


£110 


aa 


tth 


£137-7 


22-9 


7th 


£iaai 


S3-7 


8th 


£1M-S 


Sf-fl 


ath 


£as9-a 


2S-3 


10th 


£263 1 


.6-3 
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This carve ia plotted in the same way as the first (see 
fig. 120). Suppose we wish to find the amoDDt of mone^ 
transferred from one person to the other between, say, the 
fifth and the te&th year. Drawing horizontal lines throQgh 
the points oorrespoading to five and ten yean, we 
enclose the area C B E F. This, when measured in Gqnar<4 
inches, and multiplied by the scale of pounds (sterling), 
shows the balance in favour of A. It will be noticed that 
the carves converge towards the top. If the financial 
arrangement existed for a great number of years, a time 
would come when the "A pays B" curve would cross the 
" B pays A " cnrve, and at that time the interest on the two 
accounts will exactly balance, and for that year A will owe 
B just as much as B will owe A. After that period A will 
begin to pay more to B than B to A, and a time will come 
when the aggregate amount B pays A is equal to the aggre- 
gate amotmt that A has paid B. After that period the 
whole transaction will be in favour of B, and by means 
of the diagram the transfer of money may be measured 
between the limits of any times. 

The values in column 3 represent »n5I?5?5*! which, to 

borrow our terms from thermodynamics, are analogous to 
the "entropy" of a gas, when the increments, Instead of 
being of "money value," are ''heat value," and the time is 
substituted by temperature. 

If heat be supplied to a gas contained in a non-condQcting 
vessel of constant volume, the temperature and pressure of 
the gas will rise simnltaneously. The increase in entropy of 
the gas will be the sum of all the quotients 

Very small oddit'oos of hflat 

Average temperature at wbicU (He addition takes place. 

Expressed in the langnt^e of the calculus, we have 
d^ = — when # represents entropy, E = heat, and t^ 
temperatnre. 
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When hrat ii supplied to a ga«, ita preunre, volume, and 
temperature may vary umnltaneonBly, and the general 
expreiaion for change of entropy must be deduced fratn 
t<«iin> of preuare, volume, and temperature. In other 
worda— 

! Additional internals ( Eitemal efiect of) 
energy of the gas, r 
involving rise ofV + ^ gas expandii 
temperature audi 
prennre. / 

We know from Jonle'n ezperiments how much work u 
equivalent to a thermal nnit, henoe we may aymbolize tbo 
above expression thus — 

tai ^C,</r+f'dv when 

Cf = ap^ific heat at constant volnme. 
T _ temperature. 

}, — preuure in pounds per square foot. 
I' ■• volume in cubic feet. 
J = mechanical equivalent of beat 
I'ut j«fv — J(C/) - Cv)dr, and when p is constant pv — 

J(C,. - C,.)7. 

Hence, substituting for^ in the above expression, we have 

dH = Cl-dr + {Cp ~ Cf)T-^- 

and dl,=^=Cv'^^+iC,'-Cv)'^' 
which is the general expression for entropy of a gas. 

When there is no change of volume permitted to take 
pkce notwithstanding the addition of heat to the gaa^ 

(C;> - Cv) ^ - 
md rfH = Ctf ^ 
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When K change of Tolame occompanieB an additicm ot beat 
but there ia no change of pressare we have from 



p dv " Rdf 



- in the general expression, we here 



dS . 



Cp2 



When both the preasare and volame of a gas change 
simnltaneongly we havepV = pi Vi" = constant, where n 
equals some index depending for its value upon the circum- 
stances. In such a ciwe we must £nd the particnlar v&lne of 

— and insert this in oar general expressioa To find the 
partionlor valae of — proceed as follows : — 

From jw !i = R T we have p = — - 
Sabstituting the value otp in pv^ = constant, we have 

E T v> - 1» = constant, 
differentiating we have i^r . i;(n-i) + t (» - \)v<.-^ -^y dv = 0. 

d T . hI" - ') = - T (n - 1) jX" - 2> d(^, 
dividing by wd - ') we have dr = _ r (« - 1)— 

frcan which dv_ _ dr . 1 

'v ° r {n-D 

This particular value of — being now inserted in our 

general equation we get 

''H _ r'.,dr _ ,„„ _ f,..\ 1 <i^ 
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The ratio ji- ^ y is of freqaent use, and it farther simpli- 
fies the above expression to write yCv for Cp. Thns we have 



dH 



-0»- - (iC^-Cr) 



(■.-1) 



. 1: (c - icj -_c,^ 
-c4'(-^) 

Collecting our reaalts and reatatiag them, we have.: 
When the vatnme ia ooDstant — 

— - Cf — and the change of entropy ; 
*»—*»" C^logt -' 
When the pressure ia constant — 

-- = Cp — and the change of entropy 
*i-*s" Cplogf^ 

When the preasare and volume change according to the 
law/jw" => constant — 

~ = Cv (^-E-j)-^' »»'! the change of entropy 

•Pi- -Pi- Cv {—-[) '»8' p 
To apply oar knowledge to gai engine teiting we require 
the following data :— 

6^aw J.— Specific beat of mixture before explosion. 
Cpand Cv. 

Ditto of products of combustion. 
Calorific value of the gaa. 
Weight ot gas nsed per exploeion. 
An analysis of both the products of combnation, also the 
constitnents of the gaa nsed should be furnished. These are 
for obtaining Cv and Cp. 
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Indicator Diagram famiahea temperatnreB (absolute) and 
pressares &t varioiiB points of the 
gtroke. 

Also the value of » in p i"' = pifi" 
should be calculated for both expan- 
sion and compieaaion carve. 
Engine Dimensions.— YfAafUfi of clearance space, and 
volume swept by piston per stroke. 
Id order to obviate repetition of well-known calcnlations 
■we will take the following values as given :— 
Ct =» 01857, Cp = 0256. 

Q^ =. Y » 1'379 for fresh charge of mixtnre. 

Of 

Cv - 0196 and C 



&-,- 



for products of oombnstion. 




The temperature of the gas drawn into the cylinder should 
be ascertained from the test figures. Indicating the absolute 
temperature by r„ t^ &c., as denoted on the diagram 
(fig. 121), we will find their values from the diagram as 
foUowa :— >■, is known by the test to be - 6H degrees Fah., 
and from the relation ^ = ''^ we can find the values 
required. These are figured on the diagram. From 
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we can find the Tklne of n for the oompreaucm carve, tbiu I 
744 _ /'1033_\''-i 

(ill " Vosjiioi.^ I 

from which n = l'I573 

Similarly for the exp&DBiou curve, 

J547 n-033^\ » - 1 
14*2 " Vosflol/ 
from which ti — 1'464 

Applying the formaliE deduced, we proceed to calculate 
the ohanget of entropy aa followi. The anffixea denote tbe 
p >int on the diagram referred to. 

*>!-*!- Cv ^-|1| log, ^ 

Note, Cf is here the specific heat at oonitant Tolame of 
the mixture in the cylinder jaat before the explosion. 

= 1857 X - 5;?|? X 1968 

= - OOolliS 



*j - 0, = Cr log. ^ 

Note, Cv is here the specific heat at constant ToIame of 
the bnmt mixture. Altbongh it is not strictly true in 
practice, the assumption is here made that the combustion 
is complete when the maximum presaore is reached. In any 
case a change of specific heat is taking pUce as tho gases 
bom. 

^, _ ^, - O'lOC X log* v^-T 
- 02413 

•tt - 't'3 ^ CV—-"-^ log( -' 
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Cv IE h«r« again tlie specific beat of the prodacU of coro- 
bnBtioD. 

1454-rS67 , 1442 

Oioi ^' 2547 

0'087 . 



- *. - 0196 X :i5^-^-li!'^ X W, i?* 



= - 02130 
Note the gijn. 

- 0-196 log, ^ 



If oar calcnlations be correct, tbe gam of the poaitive ftnd 
negative valaea sboold be eqaal, because we have now 
worked roand the diagram, 

+ 02413 -O'OBies 

- 002136 

- 1683 

024134 
Thns oar calcniationa are correct to the fourth figure. 
Before plotting the Sip diagram yre will re-arrange the 
valuea calculated. It will be remembered that oar figures 
relate to ehangt of entropy, that is to aay that from the point 
2topoint3Df the indicator diagram the entropy ia increased 
by 0'2413. From point 3 to point 4 the entropy is diminished 
by 002136, hence from oar zero point (0) on the «0 chart we 
shall plot the entropy at point 4, ns O'2413-O 02130^0 21994. 
Similarly for point 1, 0-21904 - 01683 = 01K164, 

From these tigares and the corresponding temperatures we 
have plotted the points 1, 2, 3, 4 of the entropy chart 
(lig. 122), It will be noticed that the lines joining the points 
2, 3, and 4, 1, are carved. In order to get the curve an 
intermediate value of the entropy cbanite is calculated from 
the indicator diagram at points A and B. Disregarding for 
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the moment the other liaea on the 641 diagram and oon- 
iining oar attentioii to the shaded part, we may explain iti 
metwiog aa foUowa :— The heat in one poond of the exploded 
mixture at the time of its maximuoi temperature is repre- 
sented by the area 2 3 C 0. Djrii^ the expansioii of tbe 
mixture in the cylinder there was a loss of heat shown hj 
tbe area B 4 3 C. This heat would go to raising the temperk- 
ture of the jacket water. 

The area A B 4 1 represents the heat going in the exhftost 
gases, and tbe area A 2 1 representa the heat passing to the 
jacket water daring the compression of the mixture. The 
shaded area represents the heat turned into work. 

Tbe heat quantities here summarised do not comprise the 
whole of the heat available, for we find from the test figures 
that 54 '4 units of heat are oontained in each charge of 
explosive mixture entering the cylinder. Further, the 
weight of the explosive mixture (inclnding the products 
of combustion left in the clearance space) —0 0996 lb. Now 
all our entropy calculations have been worked out for oi«« 
pound of mixture, hence the heat units present in one pound 
of mixture will be fTKiyy =o46 8. This heat would produce 
a riae of temperature of one pound of the mixture of 
^•r- =2767 deg. F. Ilence the maximum temperature of 
the exploaion should have been STST + 744 = 3531 deg. F. 

Also the temperature at tbe point of exhaust would 
be p =(y*)''~''fromwhichT, =- 2365d^.F. 

Calculating the entropy fur the temperaturea thna obtained 
we have 

^, _ ^. - Gv log, p 

-OlMlog^^ 
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From the point 3 to point 4 of the iadicator diagram the 
eas should expand -withoat gun or loss of heat. That is 
eqnivalent to saying that the index n in pv = K is equal 
to 7t *>^ under these oircum stances 



= 0, because n 



= 0. 



There is therefore theoretically only a drop in tempers 
lure, bnt no change of entropy from ^e point F to E. 




From the point E to G we have the change in entropy 

«, - *4 = C.^ log. S 

2452 

From the values worked out for the entropy changes at 
the higher theoretical temperatures, we plot the curves 
23F, E 41 (fig. 122). The area here enclosed depiots the 
theoretical possibilities of the engine on the assumption that 
an anavoidable losses occur after the eompreuion of the charge 
In an eximioation of the thermal possibilities of a motor we 
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<H^ht certainly to commence oar oalcnlationa from the state 
in which the gue* enter the working cylinder and not after 
they hare been oompreased by defective meana and under 
waatefnl conditions. It mnat be caretnlly noted that the 
chart (fig. 122) doea not depict the theoretical possibilities of 
the whole cycle, bat only that portion of the cycle enbae- 
qnent to the compiesaion of the charge. In other worda 
the chart shows that if the combustion and expansion of the 
charge had taken place withont the transmission of heat 




throagh the cylinder walls, it would have been possible to 
have converted the additional heat area 3 P E 4 into 
work. 

In order to oalcnlate the theoretical possibilities of the 
whole cycle we will commence with the temperatnre of the 
charge on its entry into the cylinder, namely 611 degrees 
absolute. Calculate the theoretical temperatures at the 
points 2, 3, 4 of the indicator diagram (6g. 121) from 



'©' 



The entropy valaee are on fig. 123. The theoretical mazimnm 
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efficieocf of the cycle is shown by the proportion -which 
area 5, 6, 7, 8 bean to area 0, 6, 7, 9. 

The calcnlationfl are rather more tedious when the indica- 
tor diagram from which the data are taken has rounded 
comers, and where the expktsion line ia not vertioaL Let 
na consider these points in reference to fig. 124. 




Calculate the change of entropy from A to B on the 
vertical dotted line, then from B to C. With regard to the 
ezhanst, produce the expansion curve and calculate the j 
change at D, then sabtract the change of entropy dae to the ' 
drop in temperature between the imaginary point D and 
the point K A sufficient number of points on the curves 
must be treated in this way to enable the chart to be 
plotted. 
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TAUT 11. 

PETROLEUM ENGINES. 

CHAPTER XXIII. 
Tbk disccvery of petrolenm in large quantities in Russia 
and America has materially atimalated ioventora to devise 
means of atilisiog this enormous latent energy. Before 
dealing with the oil engines which have attained anccess, 
it will be well to diacnsa the physical properties of the 
substance known generally as petroleum. The chemistry 
and the commercial production of petroleum are aabjecta 
beyond the scope of this work. Those physical properties, 
however, which more directly affect the design of oil engmes 
shonld be carefully studied. 

Petroleum has been found at various times in nearly all 
parts of the world, and has received a variety of names. 
The most productive American area lies within the 
boundaries of New York and Pennsylvania. In Canada 
there has been a large production, and the famous Baku 
wells of Bossia are well known. Petroleum consists 
chemically of hydrogen and carbon. It is probably of 
vegetable origin, though this point is vigorously contested 
by geologists supporting other theories. Crude petroleum 
is usually of a dark green hue by reflected light, showing 
red by transmitted light. 

An idea of the commercial value of petroleum and the 
variety of its uses will be gathered from the fallowing 
table :— 
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On BnniBni OiLLOn or CHro 



BenisiM light oll....\ 
GuolsiM J- oU 

8b11uot1 "t 

Vang«nl I 

> lubricating 
tjUbrieatlDg on 

Crllnderoll ... 

Vuelloa 

Rulduum liquid [i 






naahln^ point. 



The oils used in oil engines are benzene, gasolene, and 
kerosene, the two former of which are generally known 
aa light oils. They are extremely volatile at ordinary 
atmospherio temperatnFes, and are oonseqnaitly dangerona 
when oarelessly handled. In order that these light qils 
may be ased by owners of oil engines vitbont the incon- 
venient restrictions imposed by the Petroleum Acts of 
1871-9, regulations were israed on November 8rd, 1896, by the 
Secretary of State. For the purposes of these regulations 
a l^ht oil is defined as having a fladiing fmiU* of lees than 
73 deg. Fah. When the flashing point exceeds 73 deg. Fah. 
the oil is said to be heavy, and to this class the above 
regulations do not apply. Moreover, engines driven by the 
heavy oils are regarded as safe, and for this reason they 
will no doubt in time supersede the light oil motors which 
are at the present time used for driving vehicles. Such oils 
may be stored in air-tight tanks, all openings from which 
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mart be oovered with gauze of 400 mesh. No tank may 
exceed 20 gallons capacity ; the; nmat be kept in well- 
TeatiUted places. When naed in connection with motoia 
for driving vehicles the quantity carried by each vehicle 
moat not exceed 40 gallouL 

A rough teat of the flashing point may be made in the 
following way : Take a small quantity of the oil to be tested 



in a metal vessel Heat the vessel gradually by means of a 
lighted taper. Apply the light occasionally to the snrfaoe 
of the oiL When the oil ignites immediately pnt out the 
flame and take the temperature of the oil with a Fahrenheit 
thermometer. This will give the flashing point approxi- 
mately. 
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In Ei^land and Canada an instrament known as the Abel' 
Tester is legally recc^nised as giving the flashing point. 
This instmment is shown in fig. 125. The copper vessel W 
contuni water, which is heated by the lamp B to 130 deg. 
Fah. The oil to be tested is placed in the chamber F, which 
is aorronnded by an air jacket A. A gaa flame/, outside the 
chamber F, is arranged to swing ronnd until the flame shoots 
throagh a small hole in the cover of the oil chamber, when 
the hole is nncovered by the moving of the slide S. To teat 
a sample of oil, it shoald first be cooled to about 60 deg. Fafa. ; 
a quantity is then placed in the chamber F, until the pointer 
p is just covered. Light the gas at the nozzle /. For each 
degree rise of the thermometer t, the elide i is opened, and 
the flame gently tilted into the oil chamber. A pendoimn is 
usually provided to time this operation to four oscillations, 
the slide being closed on the fourth swing. When a blae 
flash is obtained on the application of the t«Bt flame, the 
flashing point of the oil is read from the thermometer t. 

The specific gravity of shale oils, as sold in Britain, varies 
0'78 to 0'85, and the flashing point varies with the density 
from 76 deg. Fah. to 226 deg. Fah. The following table has 
been obtained by Professor Kobinson, who has carried oat 
an interestii^ series of experiments, the results of which 
may be more fully referred to in Tht Enginetr, September 
11th, 1891. 

The chief difficulty in the constmction of oil engines is 
the design of the vaporiser, and in this oonneotion the 
fignrps given in the latter columns of the above table are 
particularly interesting. We see that American Boyal 
Daylight oil boils at a temperature of 144 deg. Cen., bat at 
216 deg- Cen. only one quarter of the volume of oil treated 
is vaporised. At a temperature of 230 deg. Cen. 66 per 
cent by volume still remains. Thus it appears the tempera- 
tare mast be raised far beyond this point in order that the 
whole volume may be distilled. Bat it is just here that 
the designer meets with fresh difficulties, owing to the fact 
that if the temperature be raised too much decomposition 
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takei places and a carbon reaidoe remaina, which, if present 
in large quantities, la qaite fatal to the ancceiaf al action of 
a vaporiaer. The best method of dealing with thia class of 
oila ia to raiae the temperatnre to a Bate limit, then allow 
hot air to pasa over the oil In the description of the various 
methods of vaporiainK we ahall see how thia ia practicallj 
carried into effect Saffioe it to aa^ that in the deaign of 
any oil engine the brand of oil to be naed muat be the first 
conaideration of the designer. 

The evolution of an industry may be followed from a 
carefal pernaal of the patent office records ; but^ a history 
based only upon facts gleaned from thia too prolific sonroe 
of information is likely to be deceptive in that the factors 
most easential to success are frequently inddentally dis- 
covered and escape emphasiB. The real steps of progress can 
only be recognised by an intimate acquaintance with the 
practical side of the anbject and by Ibtenii^ to those who 
have acted as pioneers. 

Many years before the introduction of a practical gas 
engine some vagae patents were granted for the use ot 
spirit as a motive fluid. Its use was probably suggested by 
the ready distillation of inflammable gas from turpentine 
and naphtha at low temperatnres. Bat in the early days 
when coal gaa was almost onknown it is clear that the 
proposal to nse spirit was prompted by the deaire to obtain 
a combuBtible gaa. Thua it appears that the oil engine as 
we now liave it was foreshadowed in the earlieat attempts 
to produce a gaa engine. 

Upon the introduction of coal gas in 1792 a ready form of 
fuel was placed. at the service of inventors, obviating the 
necessity of vaponrising appliances, and thua afibrding 
grounds for distinction between the two species of internal 
combustion motor, now widely known aa gaa and oil engines. 
The primary conception of the internal oombuation engine 
was undoubtedly aaaociated with the nae of volatile oil. 
It was, however, necessary that before the more di^nlt 
problem of the oil engine conld be aolved, the iumpler gaa 
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engine shonld become established It was not until 1876 
that we can consider the oil engine to have an existence 
apart from the gas engine. 

Concarrently with the advancement of the gas engine 
iDdostrj, there came into existence a demand for smalt 
power light spirit engines for use where no service of gas 
was attainable. Althoagh these engines were practical in 
small sizes, the fnel consumption was on item of expense 
comparing nnfavonrably with steam plants, and, moreover, 
the volatile nature of the spirit constituted an element of 
danger when it was stored in large qnantities. It is not 
surprising that the development of the oil vaponr engine 
has met with legal restrictions on these gronnds, nor ia it 
surprising that bnt little was heard of the oil engine at all 
until it was made possible to drive it by means of oil 
attended with less risk. 

In November, 1896, the Locomotive on Highways Act 
came into force and with it there arose the necessity of re- 
considering the restrictions hitherto placed upon certain oils. 
At the time the Act came into force there were many road 
carriages driven by means of spirit engines, and the regnlo- 
tiona issued by the Secretary of State with regard to these 
were to the effect that mineral spirit which gives oti 
inflammable vaponr at a temperature of 73 degrees F. (this 
being termed the flash point) shall be stored in ur-tight 
tanks of metal, any openings to the atmosphere being 
covered by wire gauze of not less than 400 meshes to the 
square inch. We need not mention other restrictions, these 
being sufficient for our purpose, namely, to indicate a 
dividing tine between wliat are sometimes spoken of as light 
oil and heavy oil The oil generally preferred for larger 
power engines has a flash point of about 83 degrees and such 
oil is for our present purpose termed heavy oiL 

Crude petroleum as obtained from the oil wells will upon 
being slowly heated yield certain gaseous products. The 
stages of distillation are marked by periods of uniform 
temperature, therefore, it is noticed that the temperature 
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riscB in Btepfi. Roughly clasaified the producta of distillation 
at the loner temperatarea are benzene, goaolene and 
kerosene. As the temperatore of the residne is raised 
beyond the point necessary for the evaporation of the 
kerosene, a series of more dense lubricating oils are driven 
over into the condensing stills. The specific gravity of 
benzene and gasolene are, respectively, 0726 and 77&. 
whilst kerosene is of a denser character, being 822 specific 
gravity. The temperatnres at vhich each of these oils give 
off inflammable vaponr is termed the flashing point of the 
oil. These are as follow : benzene 10 degrees C, 
degree C, and kerosene 25 degrees C. 




F<e. 1I& 

It is easy to understand that mere contact with air will 
bring about the formation of an explosive mixture ia the 
case of the tow flash oils, but the d)ffi.culbies are greatly 
increased in dealing with the oils of higher flashing point, 
for if these be heated too much in the endeavour to 
volatilize them decomposition occurs and a thick and sticky 
residue will be formed. Owing to this behaviour of the oil 
there have been man; attempts to spray it dnring the 
vaporisation and so divide it mechanically into a fine spray, 
thus assisting the vaporisation by exposing a very lai^ 
surface to heaL In such cases it was not perhaps fully 
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realised how readily a drop of oil spreada npon the snrface 
of a heated plate. Many inTentorB of vaporiBing appliances 
have endeavoured to evaporate the oil by heat alone and 
they have overlooked the important fact that, a current of 
hot air passing over the heated oil will greatly assist the 
evaporation. 

In the snccesBfal oil engines of to-day, the vaporisers are 
designed to utilise the methods of vaporisation above 
referred to. Figures 126-129 eshibit diagrammatically the 
foar arrangements which are adopted by the various makers 




of oil engines designed to work with kerosene oiL In 
fig, 126 C represents the cylinder of the engine, T the 
vaporising chamber, N the nozzle used for spraying the oil. 
The chamber Y is heated by means of a lamp, and contains 
an atmosphere of heated air and oil gas. The flow of air 
through the valve L very materiiJly assists the complete 
vaporisation of the oil, and a thorongb mixing of the charge 
of explosive mixture takes place before it is drawn into the 
□flinder. This diagram illastrates in a crude manner the 
system employed in the Priestmanoil engine, which weshaU 
describe more fully later. 

In claas 2, illustrated by fig. 127i there is no sprayer, the 
oil being merely allowed to fall apon a corrugated or spiral 
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Barfftoe of heated metkL In order to help the evaporation 
of the oil, part of the air necessary for fomuDg the explosive 
mixture ii drawn over the BarfacM and taking with it the 
charge of oil gaa enters the cylinder. As the piaton dnwa 




in the vapour it aUo indacei the entry of farther air into 
the cylinder through the valve B. The inexplosive mixture 
minglea with the additional supply of air and on the entire 
charge being oompreased ss Lbe piston retnnu it ii exploded 



Mi^ 



^ 



and drives the piston forward. Fig. 128 differs from 
class 2 only in that the whole of the air necessary for the 
cbai^ is drawn over the vaporising surfaces and enters the 
cylinder direct. In figs. 126, 127 and 128, there are separate 



LENOIR BNUINE. 28^ 

chamberB wherein the oil gu U formed, but in fig. 130 the 
oil is pumped directly into the space formed at the back of 
the cylinder, and the Taporiaing is effected solely by contact 
with the hot walls of this chamber. The air necessary for 
combostion is drawn into the cylinder and does not oAx. 
with the oil vapour until compression commences. 



The earliest oil engines worked with the light oUs, sach 
ss gasolene, which vaporise at ordinary atmospheric 
temperaturea. The method of working was to canse air to 
pass through scattered partiolea of the oil, and thus become 
saturated with oil vaponr. It is said that the Lenoir oil 
engine developed 1 horse power hour by the conanrnption 
of 0-9 lb. of oil of 0'65 density. 
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In 1873 Brayton oonBtmcted an engine driven by a safe 
oil of OBH deiuity, the oonanrnption of which is stated to be 
2 lb. per horae power honr. In this engine air was mixed 
with petFoIenm vapour by forcing the air at considerable 
preoanre through the liquid. The mixture then passed to 
the cylinder throfigh a network of wire gauze, the latter 
being kept hot by the exhaust products. 

The Spiel engine, a longitudinal aeotion of which is shown 
attii.lSO, is worked with light oil of specific gravity abont 



If:. 131. -Supply Tilia of Spltlsnglaa. 

7 The liquid u contained in the upper chamber, Irom which 
it runs down the pipe F to the supply valves shown indetail 
in fig. 131. These valves act in the following way : A spiul 
spring R forcea a double seated valve F towards the end V 
Spirit, therefore, passes through the opea valve and remains 
beneath the plunger K A cam shown at M, fig. 1S2, gives a 
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vertical motion to the croaahead N, fig. 131. Upon the down 
stroke of N, the roller S forces the apper f>nd of the lever U 
ontwards, thereby forcing tha apindle V imrarda, closing 




the spirit Talve P, and compreasing the spiral spring R. The 
down stroke is prolonged antil the spirit is discharged by the 
ptnnger E against a cone-shaped disc in the chamber X. The 




function of this cone u to spray the spirit and to cause it to 
mix with air. During the downward movement of the 
plunger E the admission valve to the cylinder is opened, and 
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the pittoo, OB its ontw&rd stroke drsws the spirit vapour 
and air down the pipe H. Ignition is caosed by a moving 
alide, abown in figi. i:iO,132, 13a The action of the slide is 
very limilsr ta that of thA early Otto alide ignition engines. 
Simpltx Carburator. — Messrs. Delamare-Devontteville and 
Malandin have adopted an arrangement for supplying gas 



to thoir Kmpl«z gas motors where a supply is otherwise 
nnavailabl& Fig. 134 shows a sectional elevation of this 
carburator. The spirit (density about 07) ia contained in 
the tank Z. The pipe E condnots hot water from the eogina 
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jacket to a cylindrical cuing T, whence it passei awaj 
through the pipe H. The central chamber contains a apind 
vire bnuh, down which the spirit drops. Throngh the cock 
B a quantity of hot water is allowed to pasB down the 
spiral; this Baaists in heating the spirit to completely 
Taporiseit. 

The water falls into the cham>ier G, whence it escapes 
through the pipe N. A perforated cork floats on the water, 
thus preventing the suction of water spray into the cylinder 
throngh the suction pipe A. The valve B is attached to the 
auction pipe A, and is nsed to prevent the retniu flow of 
high-pressure gaeea from the cylinder to the carborator. 
The supply of spirit is controlled by the action of the 
governor on the valve S. 

The use of petroleum for firing boilers containing water 
has been successfully carried out, and economy has also been 
sought by evaporating spirit instead of water in the boiler. 
This arrangement is attended with considerable danger 
unless very carefully handled ; at the same time it is true 
that certain thermal advantages resnlt from the evaporation 
of spirit instead of water, on account of the smaller quantity 
of heat supplied to the spirit being rendered latent These 
amusements cannot be regarded as intemal-oombnstion 
engine^ and will not therefore be described 
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CHAPTER XXIV. 
It in act oar intention to traverse the early history of tho 
oil engine. We shall at once, therefore, enter upon & 
deaoription ot the engines which have been made within thn 
lut few years. It will be anderstood that the main diSerenc^ 
between the gas and oil engine is the addition to the former 
of some means of caasing the oil to form an ezplosiTe 
mixtare with air. This beii^ so, onr attention need only 
be directed to this matter ; indeed, many makers are now 
building gas engines which may with very little trouble be 
converted into oil engines. This necessitates the addition 
of a vaporising chamber, which need be no encumbrance 
^ when the engine is worked by a supply of ^as. 

;It has been the object of many inventors to construct an 
engine capable of working with heavy petroleum oils, 
instead of petroleum spirit. The inflaimmability of spirit^ 
even when a light is applied at a distance of 2in. or 3in. 
from the spirit, renders its use bighly dangerous ; whereas 
petroleum oil will extinguish a lighted taper when, at 
ordinary atmoipheric temperatures, the taper is plunged 
into the oil. 

Although many attempts were made to utilise the heavy 
oils, none led to practical results until Messra I'riestman, 
of Hull, having acquired Etgv-e's patents, peraevered with 
the constructive details, and were thus able to place a satis- 
factory engine upon the market in the year 1S88. 

The author obtained much interesting information, and 
was permitted to take photographs of engine details, aoniM 
of which are referred to later. The story of Messra Friestmaa 
Brothers' pioneer work is here told as we received it. 

Priestman Brothers' first connection with internal combus- 
tion engines was in the year 1885, when they took np the 
manufacture of the " Eteve Spirit Eogine." 

Mli. Eteve and Ltllement, of France, had i>bown an 
engine working in London with oil ipirit, and Mr. J. J. B. 
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Humes, of London, had made a seriea ot teats clearly 
demoDstrating that motive power waa to be obtained from 
a hydrocarbon engine. 

Id America, Brayton had spent a fortune in the eadeavont 
to perfect anch an engine, without BQccess ; other attempts 
had failed, and as there was no anch engine on the market, a 
great future was predicted for a reliable petrolenm engine, 
if this could be produced. 

At this time it seemed a matter oi comparatively small 
importance whether power was obtained from the volatild 
produota of petroleum or from the ordinary petroleum of 
oommerce. Many months of incessant work were confined 
to the perfection of the petrolenm spirit engine, which was 
nearly accomplished, when it waa thought that motive 
power obtained from the nae of benzoltne and aimilar 
highly explosive products could never be considered safe. 
Very limited quantities only could be stored without a 
license, the premium for hre inanrance waa high, and it 
became evident that if oil could be used instead of apirit, 
a very much wider field for the use of such an engine would 
be opened out 

This being so, the opinion of one of the leading chemists 
of the day was obtained, who had given special attention to 
hydrocarbons, bat he discouraged a proposal to make any 
attempt in this direction, as, from hia experience, it waa 
Bure to fail Attention waa therefore, for a time, again 
confined to farther perfecting the spirit engine, and later an 
attempt was made with common oil, when a few turns 
of the crank were obtuned. 

The expert in oils already referred to was informed of 
this, and farther advice waa asked for, when he stated 
that he coald not advise, as, so far as waa known, power had 
never been obtained from oil, and if this were done, the 
method hy which it conld be accompliahed had yet to be 
found out 

Many months of hard work followed, attention being 
directed first to one detail and then to another, reaulting 
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only in fitful and emtio behnvionr of the engine, tollowed 
by long period! when the engine wonlU scaroely tarn on« 
revelation. 



It wu in the spring of 1687, after ceaaelesi attention ba<1 
been given to obtain an atomizer, or Bpruymaker, capable of 
mixing air and oil bo perfectly aa to avoid the deposit of 
carbon in the workicR part*, that come sncceas was obtained. 



The aocompanying illoatrations, figs. 135, 135a, 13jb, and 
131), made from the author's sketches and photographs, 
may be taken as representative of tbe evolntion of 
the nozzles, nbioh were tested in every conceivable 



manner, when, at last, it was proved that a sprayer 
fitted with an inverted nozzle, so designed as to throw 
air at a considerable pressure upon a jet of oil in an 
opposite direction discharged at a similar pressure, g&v» 
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nsnlta hitherto nnattained. The apraymBker so fitted 
proved very anperior to anything prerioaaty tried, and it 
was felt that real progresa had at last been made. Experience 
confirmed these impresaiong, and the maturing of other 
details followed. 

After some lengthened rana bad been made, it woa decided 
to ask Lord Kelvin, then Sir William Thomaon, if he woald 
teat the engine and report on its working. Of snch interesc 



Fio. 13B. -Illustration of ths Evolution of tko Inverted Spraying NokIo. 

was the engine that Lord Kelvin tested and reported upon 
the ranning of aeveral Priestinaii oil engines, from which 
the following ia taken ;— 

"I have inspected Priestmans' petroleum engines at their 
works, where I fonnd sis en^inea all working with common 
petroleum, of gravity about 800. 

"I made careful tests on a 6 Kp. engine. After sedng it 
started and stopped several times, and kept ranning on the 
brake for an hour at 7ib.p., and for two hoars at 6 h.p., 
witboat measaring the oil, 1 gave it exactly an honr'a run 
with the brake load alightty more than for 6 h.p., and with 
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HrTaDgemeDta to measure the oil aocnrately. The qnantitjr 
of oil tued VBB at the rate of (am footnote) 169 lb. per hour 
per brake horse power, irhioh seems to me remarkably good 
economy, considering the great difficulties vhich had to be 
overcome in using the combustion of oil directly as a motor. 
It must be noted that these results refer to the horse power 
of work actually done externally by the engine, and not 
merely to 'indicated horse power,' which in the ateam 
engine, and still more in the gas engine, falls short of true 
horse power by a large difierenoe. 

" Messrs. Priestman's engines are simple in construction, 
and there are few working parts liable to get out of order. 

" By a new and effective mode of regulating the supply of 
vapour to the cylinder, combustion so perfect is obtained 
that deposit of carbon in the cylinder and passages is most 
satisfactorily obviated, aa I have myself verified by careful 
eicaminatioa- 

"As the engine is governed by reducing the charge 
admitted into the cylinder, instead of cutting off the supply, 
the explosion takes plac^ with great regularity, thus securing 
steady running with or without load, and with varied loads, 
which jadgii^ from ray own experience of the irregular 
running of gas engines, running at anything less than full 
load, is a very important advantage 

"The piston requires no oiling, aa the vapour admitted 
into the cylinder lubricates it sufiiciently. As the engine 
has all the advantages of a gas engine, without beimi 
dependent on gas works and a gas supply, it is available for 
many important applications, from which the gas engine is 
precluded." 

At Nottingham, a few months later, the Royal Agricul- 
tural Society, upon the recommendation of the late Sir 
Wm- Anderson, awarded the Friestmau Oil Engine their 
medal, being the first ever given for an internal hydro- 
carbon engine, and the following year a second medal was 
awarded for an engine of a different type. In 1890 the 
Society's Special Prize was awarded to the Priestman Oil 

' Thlfl coiuumptiaD boa be«D greatly reduced aiuoe Lifrd EelvJu atuds tbna 
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Engine at the competitive trials held at Plymouth, when 
the jadgea, Professor XTnwiii and Mr. Dan PidgeoD, C.E., 
reported as follows :— 

" It may be said at once that the working of the Priestman 
engine was altc^ether satisfBctory, and it worked with an 
economy of fuel almost unprecedented. So far aa conld be 
judged from a trial extending altogether over nearly six 
hours, the action of the engine was faultless. 

" The Priestman engine works with abont as mnch fuel as 
the very best large steam engine, with aboat one-eighth as 
much fuel as a small non-condensing engine, and with an 
economy about as great as that of a gas engine with Dawson 
gas prodnoer. 

"Taking, howerer, the more scientific comparison of the 
heat value of the fuel, the Priestman engine is better than 
the b«st large condensing steam engines, six times better 
than Ueasrs. Turner's steam engine, and very slightly worse 
than an Otto engine nfling Dowson gas." 

Since 1S90 experience has suggested improvements of con- 
siderable importance. 

All the larger engines are now fitted with a self-contained 
■tarter, which is a very reliable mode of patting the engine 
in motion, without taming round the wheel. 

Ignition by tube, when preferred to that of the electric 
igniter, is supplied, and as a farther means of keeping the 
internal parts of the cylinder and valve chest clean, water is 
injected into the combustion chamber, with the result that 
engines will run for very long periods without it beiufc 
Hfcessary to clean the cylinder, piston, valves, &c. 

In the Priestman engine the idea of spraying oil mingled 
with air into a heated chamber, called the vaporiser, was 
first brought forward. 

Although it is now well known that oil may be vaporised 
withoat being finely divided into a spray and mixed with 
air, it is a noteworthy fact that the development of this 
class of motor proceeded on the lines indicated by Messrs. 
Priestman, and very great credit is due to this firm for their 
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persevering efforts, irfaicb have reanlted in the prodactioa 
of a motor of great economy and aBefnlneu. The following 
description, together with the illuatrationa, will saSce to 
explain the working of the Friestman engine. 

The oil ia contained in a cast-iron tank Y, fig. 137, formed 
in the bed of the engine. The oil, ^vitb a supply of air 
nnder a pressure of about 8 lb. per square inch, is carried 
to the spray maker S ; here they mix and break np into a 
fine vaponr. This is then passed through a heating chamber, 
called the vaporiser (which latter is warmed by a lamp { 
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before starting, and is kept hot, when ranning, with the 
pxhaast products). From this chamber the vapour is drawn 
into the engine cylinder, compressed by the piston, and 
ignited bj an electric apark, or lamp and hot tnbe, as pre- 
ferred. With the Edison L'alande system of creating the 
spark, an engine can be run for 600 to 1,000 hoars without any 
attention being given to the two small cells. The governing 
ia effected by regulating the quantity of oil, instead of by 
entirely stopping the supply. The piston is lubricated by 
the deposit of oil on the surface of the cylinder. 

Fig, 138 shows a section of the spraying nozzle, and the 
wing valve for controlling the air supply. Oil is forced into 
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the nozzle E by means of compressed air in the oil tank. 
Od itM iray to the nozzle the oil passes throngh a tapered 
bole in the ping H, to the lower end of which the wing valre 
O is attaohed. The plag H is controlled by the governor, 
and it will be obrions that both the oil and air are 
simnltaneoaily throttled, thas keeping the mixtnre nniform 
The nozzle E, a lai^er view of which is shown in fig. 139, is of 
special constmctiou, and is the reaalt of a long series of ex- 
periments. Oil enters the nozsle through the central opening, 
and the air is forced in through the annular space. It is an 
important feature in the construction of the nozzle that the 
air current is directed against the flow of oiL In the earlier 
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nozzles used by Messrs. Priestman the air and oil were made 
to flow in the same direction, where they mingled together. 
The form was, however, gradually altered, until it was found 
to give the best spray when made as in fig. 139. 

For the ignition of the charge a simple bichromate oell 
may be used, with one induction ooiL 
The charge recommended for the battery is — 

8 parts by weight of bichromate of potash. 
6 parts by weight of sulphuric acid. 
80 parts by weight of water. 
This charge will, if made up in ounces, last for about 30 
hours, at a cost of about 6d. 
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The following fignrei have been obtained by Frofesaut 
Unwin in a sjatematio test of a Prieatman oil engine : 
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The dimensions of the engine from which these figures 
were obtained are as follow : 

Diameter of cylinder 8'51 in. 

Stroke 120in. 

Clearance in percentage of working 

volnme 53 per cent. 

Volume of air-compressing pamp per 

stroke 00329 ca. ft. 

Diameter 512 in. 

Diametw of flywheel 461 ft. 

Weight of engine withont flywhefl 2(i cwt. 

Weight of flywheel 10 ewt 



The oils nsed i 
cjnatitoents : 



the above trials yielded the following 

ItusHlens. lioyil DijUgtat 



Carbon 8588 

Hydrogen 1407 

Oxygen, &e., by difierence (V) 
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Density »t 60 deg. Fah 0822 0703 

Flwdung point (Abel tert)... 86 deg. Fah. 77 dep. Fah. 
Thecaloolatod total calorific 

value 21.180 21,400 

The calculated calorific value 

Then steam formed is act 

condmsed 19,957 20,108 

Th« following is a rdsnmd of the results of a trial 
conducted by Frofesaor Unwin and Mr. D. Fidgecoi, at the 
Royal Agricultural Show, Plymouth, in 1890 :— 

Pribsthan Oil-bmgine Trials. 
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Akaltsis of Broxburn Oil. 

Carbon 801)1 per c^t. 

Hydrogen 1390 „ 

TJndetermiaed 009 „ 

Calculated calorific value of Broxburn oil, when steam 
formed is not oondeneed, 19,700 British thermal units. 

The Priestman oil engine has been BUccessfally used for 
pumping, electric lighting, fog signalling, and for driving 
launches and barges. For the latter purpose Messrs. 
Priestman supply a patent reversible screw propeller, the 
blades of which can be inclined to drive ahead or astern 
without stopping the motor. 

TA« Samuehon Oil Engine {Griffin't FaierU).—T!iaB engine 
made by Messrs. Simnelson and Co. Limited, Banbury, and 
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the Priestman eDKine,are the onlj two mannfactared which 
work with the Hpray mikker. The oil sprayer ia shown in fig. 
HO. Its action is somewhat different from the PrieBtman 
nozzle, inasmnch as the oil is sucked ap into the atmnlar 
epaoe anrronnding the air nozzle by the action of the 
horizontal air jet ; whereas in the Priestman engine the 
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oil occnpiefl the central nozzle, and the air meet« it at the 
orifice. The air preasare is maintained by an eccentric- 
dnven pamp, at about 12 lb. above atmosphere. The 
vaporiser is a long corrugated chamber, heated by the 
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eihROit prodacU. The govemor U of the ordinary centri- 
fugal pattern, and acta by catting off the air supply, at the 
tame time preventing the opening of the exlunst and 
admiaaion valves. This method of governing has the 
advantage that the cylinder is not cooled by the admiaaiou 
of cold air when the engine ii mining fire. 



The igniting arrangements are shown in fig. 141. An air 
jet plays npon a piece of bent wire, which latter dips into a 
chamber filled with oil to a constant level The air jet 
drawB a film of oil up the wire, carries the oil forward in 
the form of spray, and the mixture barns aroand the 
ignition tabe. In starting this engine a hand pump ia nsed 
to compress air for the ignition spray and for the vaporiser 
sprayer. Both are lighted, and the engine allowed to stand 
for about ten minutes, until the vaporiser is hot enough to 
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Tork. The length of the Haitian tnbe has apparently no 
little inflaence upon the form of card obtained, doe no doubt 
to the fact that the charge does not get compressed into the 
hottest part of the tube when the latter is too short. 

Th« Ilornshy-Akropd OH Engine, illustrated in figs. 142, 
143, 144, manufactured by Messrs. £. Homsby and Sons Ld., 
Qrantham, England, is constructed to work apon the Bean 
de Roches cycle, being very umilar in appearance to a gas 
engine. 



The vaporiser is a special feature of this engine and dis- 
tiagnishes it from all other types by not requiring either a 
hot tnbe or electric spark. 

The vaporiser T (see fig. 142) is a bottle-shaped chamber 
or extension of the cylinder, being connected with the 
cylinder only through a neck or contracted passage. 

It is partially water- jacketed in the medium and large 
size engines, and is heated by a lamp and fan-blower when 
first Htarting the engine ; afterwards it maintains itself at a 
temperature high enough to cause ignition of the oil vapour 
and air. 
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The oil ia pumped from r tank T, formed in the base of 
the engine, bj k imkll plunger pnmp F into the hot vaporiser 
dnriog the air aactioa or charging atroke. The oil is then 
vaporiaed t^ the hot walli of the vaporiser and mixes with 
the prodncta of the oombaation remaining from the previona 
ezploeion. 

The air ia not drawn into the vaporiser but directly into 
the cylinder, and on the compreasioQ stroke is forced into 
the vaporiaer through the neck and there mixes with the 
vaponr contained in it. 

At first the mixture does not contain anfficient oxygen for 
comboBtion, bnt at the end of the oomoreasion stroke the 







mixture attaiua the proper explosion proportions and is 
ignited by the hot walls of the vaporiser. 

Another important feature of this engine is that it is 
claimed to work satisfactorily with heavier oils than other 
engines ; even with some oils weighing np to 9^ Iba. per gallon 
if the engine be suitably adjusted for tJie purpose ; bat the 
oils recommended as being the most powerful and giving the 
moat economical results are refined Ilussian or American 
petroleum oiLn, having a specific gravity of from '79 to S'lb, 
and a flashing point (Abel's close t«at) of from 74 deg. to 
83 deg. Fah., or following these any of the well-known 
brands of refined Scotch oils having a specific gravity of 
about 81 and a flash point of 225 degs. Fah. Abel's close test ; 
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also the heavy crade petroleum oil or Astatki, it properly 
adjnated. 

The oil pnnip prerionsly meatioaed is coimected to and 
actnated by an sir-lever and forces the oil immediately prior 
to its entering the vaporiBer through a valve box attached 
to the vaporiser in which box are two spring valves, one 
horizontal, the other vertical. The oil enters the valve box 



by way of the horizontal valve which is opened by the 
preasnre of the pnmp and then flows through the spraying 
jet into the vaporiser. 

The regnlation of the engine is effected by a Porter 
eovenu>r opening the vertical or overflow valve when the 

2lG 
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ape«d ii too high aod canaing the oil pamp to Ntom the oil 
to the tank. 

A regalatioQ handle k also provided by means of which 
the vertical valve may be opened or shnt and the aapply of 
oil intercepted, this being the method of stopping the 
engine. If it is known that a light load only is to be dealt 
with, more steady mnning is secured by altering the stroke 
of th« oil pamp, for which due provision is made. 

The air and exhanst Tslyes are worked in the same manner 
as in a gas engine, ie., they are opened by separate leven, 
each actuated by its own cam, monnted On a horizontal shaft 
which is driven from the cam shaft by skew gearing, bo 
geared as to make one revolution to two of the crank- 
shaft 

The cylinder is water- jacketed as in the gas engines. 

The general arrangement of the working parts of the 
Portable engine made by Messrs. Hcmsby is precisely the 
jame as that of the fixed engines and will need no further 
description. It is mounted on a wrought-iron frame^ ran- 
nitig on f onr travelling wheels. The oil and water tanks 
are beneath the frame work, and « circulating pump is used 
to drcnlate the water from this tank through the jacket, 
and also through vertical boards in a cooler at the front end 
of the frame. 

The exhaust gases are carried into a silencer formed on~ 
the top of the cooler, from thence through a blast pipe into 
the chimney, and induces a current of air through the boards 
in the contrary direction to that of the water. 

The Homsby engine was awarded the first prize in com- 
petition with nine other makers at the Royal A^cultnral 
Show at Cambridge. According to the report of the trials, 
written by Professor Capper, this engine ran without hitch 
of any kind from start to finish. One attendant only was 
employed all throngh the trials, and he started the engine 
easily and with certainty, after working the hand blast to 
the lamp for eight minutes. The longest time taken to itort 
was nine minutes, and the shortest seven. The revolntiuu 
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were very constant, and the poirer developed did not vary 
one-qnarter of a brake horae power from day to day. The 
oil conBomption, reckoned on the avert^^e of the three days 
nm, -waa 0919 lb. per brake horse pover boar, including the 
oil tued for the starting tamp. The oil used waa Karaolene, 
sold at Cambridge at that time for 3|d. per gallon. The cost 
of oil per brake horse power hoar is therefore aboat jd. 
At half-load the oil consumption was found to be 1'49 lb 
per brake horse power hour. 



TbIALB CAERIED ODT ON JaNDAKY 4TH, 189Dj 

By W. RoBiKSON. 

Qbmkbal Results. 

Trials of "HoaNsBY-AKROYD" 25 B HP. Oil Enqink 
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Bkahd of Oil usid "H. V. O." 
A refined Rmaiui petrolenm called Bouolitie vu nsed 
br the engine in ftU the truUa. Samples -wen taken and 
examined with the followiog remits :— 

Specific gravity at 60 deg. Fah "825 

Flaah point (Abel cloae test) 90* Fab. 

r, ___:»:_„ i,_ A —1™;=/ Carbon ... 865percent. 

CompoBitioiibjAnalyti8|jjydrogfln 135 „ 

FBACTION4L Distillation. 
"H.V.O." RiiHoline began to distil at 115° Centigrade. 
Spirit driven off below 150 deg. C. 15 percent- 
Normal kerowne distilled 160 deg. to 270 deg. C. 16 per cent. 
Reeidno 10 per cent. 

Dbtermination by Explosion in Bomb CALOBiMETJtit 
Heatino Value of Fractions. 

B.T.r. per lb. 

Spirit below 160 deg. C. 15% x 19840=2976 

Normal kerosene 150 to 270* C 76% X 20386 - 15289 

Residue lO"/. x 19969-1997 

Total heating valae of the fractions =20262B.T.i;.* 

And the original oil -20286 B.T.U.* 

Total caiorimetrio valne foand by Bomb 

calorimeter 20280 B.T.U. per lb. 

Effective heating valne (after deducting 

Utent heat of steam) 19100 B.T.U.per lb. 

UiiiiNsioNS OF Engine. 
25 RRP. Homsby-Akroyd Oil Engine. 
The following are the dimensiona of the engine measured at 
the trials ;— 

Diameterof cylinder 145 inches. 

Stroke of pistcm 170 inches. 

Area of piston 16513 sq. inchefr. 

(1) Effective dronmference of one brake wheel. ..18995 feet. 

(2) Effective circumference of other brake wheel. ..18'966 feet. 

(1) Wheel constant per revolution per lb 0'0005756. 

(2) Wheel constant per revolution per lb. 000r574T. 
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Cjllnder oonstant per exploaion per lb. Bq. inch... 0*00709. 
Preaanre (above Btmwphere) ftt «nd of compraasion 

— 60 lbs. eq. inch. 

Pranure maximnm of ezploeum =168 lbs. aq. inch. 

Hkat Dibteibotion in 25 B.H.P. Hokkbbt-Akkoyd, 
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Note.— LH.P. - 83000 ft lb. per aLnuta = 43-4! B.T.H. per minute. 

The engine ran coutinnonalr, smoothly, and ateadily, trom 
10-15 a.m. to 8-15 p.m., and the greateat variation in Bpeed 
daring the trial iraa exceedingly amall, amonating only to 
ahont 0'6 per oent 

When engine stopped, all bearings vere quite cool, none 
more than milk warm. 

ThroDghoat the trials the exhaost gases were mostly 
colonrleaa. 

The reanlts of analyais, in a previons test, show that the 
exhaust gases consisted mainly of steam, carbonia acid, 
oxygen diluted with nitrogen, no traces of carbonic oxide 
being detected, so that this exhaast is not in any way 
objectionable. These prodocta indicate that the oil is com- 
pletely burned in the engine cylinder with an excess of air 
and oxygen. 
Teials with 5 B.H.P. Oil Enoinb, No. 3820, March, 1899. 

CMuUitiou. FuUlowI. HsirioBd. Light. 

Date, March 13tb, 1899. 

Average speed 261K.P.M. 252R.F.M. 253aF.M. 

Effective brake load 50 lbs. 25 lbs. Nil 

Efff'ctivebrakecircnraf.... 13'llbs. 134 Iba. 134 lbs. 

B.HP. 5fl96 2-558 Nil 

Russian oilper hour (lbs.) 40625 2-875 2 

Oil per B-HlP. per hour... 79 lbs. 112 ,._ , 



SIO CROSSLEY OIL ElIGIKE. 

Fig. 146 u an indiofttor diagrsm taken irhen the engine 
was ranning at 261 reTolatlona per minate, and the B,H.P. 
being 5'6. 

The above triala vere made with a good commercial 
engine ; one of two that happened to be going throngb 
the testing department at the time. It "waa not specially 
prepared for teat parposea. 

CroMley Engine. — Fig. 116 shows a sectional eleTation 
and plan of the Crossley yaporiser. The valTs to the left 
of the plan view is held apon its seat by a spiral sprii^ 




bot opens commnnioation to the cylinder dnring the ont- 
stroke of the piatoo. The governor acts upon this valve by 
a hit-and-miss arrangement, so that as the speed of the 
engine rises the valve is not opened. Daring the ontatroke 
of the piston air follows through a separate automatic valve, 
held npon its seat by a spring ; conaeqaently there is a 
considerable snction throagh the passages connected to the 
vftlve shown when the latter ia opened. Through these 
passages hot air and oil are simnltaneonsly drawn, the oil 
entering at the pipe shown in the plan. The air enters the 
annular space ronnd the chimney shown in elevation, and 
pBsaea downwards to meet the oiL 
A lamp is contiaaaily bnming beneath the vaporiser, and. 
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beaidea heating the latter, its flame plays upon the ignitioa 
tnbe, which is connected to the combustion chamber of the 
engine. The prodncts of combiution of the heating lamp 
pasi np through the aqnare holes shown in the vaporiser, 
la this way the heating sarfaoe is lately increased. The 
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avenge time taken to start the Crossley engine, at the 
Royal ^ricnltaral Show trials at Cambridge, was, accord- 
ing to Profeaaor Capper's report, 16 minates. The engine 
ran withont giving trouble, the governing was good, and 
the power developed was uniform throughout the trials. 

The Wdlt Sngine.—Tis6 oil feed to this engine is delivered 
by means of a rotating ping, driven by the link R, fi ;. H7 
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Thii ping aUowb ft meaanred qnaotity of oil to drop on tbe 
ioolinfid sarfnce ehowB at Y. Here it becomes vaporised by 
the high temperature maintained by an oil lamp and auto- 
matic air blast The lerer L is operated by a cam cm the 
side shaft, and rocks upon a pin fixed in the boss £. Tha 
lower end of the lever opens the exhaust valve when pressed 
iawards against the tension of the spiral spring placed at 
ita upper end. On the return stroke of the lever the oil 
plug is rotated, and oil emitted to tbe vaporiser at V ; at tbe 
same time the air valve A is opened by the adjustable atnd 
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on the lever L. By this ingenious arrangement all the 
valves are controlled by the one lever. 

The governing is effected by the horizontal link C. This 
link is balanced so that its position of equilibrium b such 
that the upper end of the lever L clears the point K when 
the former is moving from right to left. When the upper 
end of the lever L is moved outwards by the cam, the 
horizontal lever C is drawn downwards ; when released it 
recovers its position of equilibrium in a definite time, 
depending upon the spring adjustment at M. If the speed 
of the engine be increased so that L moves inwards before K 
has risen, then the further movement of the lever is arruted 
by the catch K. In this way the eshaast valve is kept opeut 
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allowiDg the hot prodncta of combustion to retnm into the 
cjlinder ; at the same time the oil and air tkItos are 
prevented from opening. The ignition of the cliarge is 
efiected b; means of a tube, heated by an auxiliary lamp. 

Trusty OH .SiiTijM.— Sectional views of this engine, which 
is made by Messrs. Weyman and Hitchcock, are shown at 
figs 148, and 150. and an end view at fig, 149. The oil 
supply is pnmped, tc^^ether with a little air, into the tube C, 
fig. Ill, and in falling to the bottom of the annular space 




becomes vaporised. The mixtare then rises through the 
vapour valve, fig 150, into the inner chamber, and passes 
away from there into the combustion chamber. Here it is 
mixed with more air, which enters the cylinder through 
valve F, fig 148, on the oatstroke of the piston. Ignition 
may be efiected by contact with the hot chamber, thongh 
nsoally the ordinary hot tube ignitor is used. 

The following is an extract of a trial made by "iSx, W. 
Worby Beaumont, M-InstCE., on the Trusty engine, in 
1893. The dimensions of the engine were as follow : 
Diameter of cylinder, ?'375in.; length of stroke, 11 in.; 
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reTolntioQB per minnte, 218 ; flfwbeel diameter, 6 ft Accord- 
ing to Mr. Beanmont'B report, the engioe works equally well 
w-ith all kinds of lamp oiL 

"The dnration. of the several trials was : Fall power, foar 
hoars ; half power, two hoars ; ranning light, oae hoar. 
The intended fall-power load was 6 horse power, and the 
brake load was adjosted as nearly aa possible to this. The 
ranning of the engioa was very regular, and when at hall 
power the speed waa within 0'4 of 1 per cent of that of 
fall power. The oil used in the trials was Royal Daylight, 
costing in qoantities about id. per gallon. Its specinc 
gravity was found to be 0802, one pint thus weighing 
lD0261b." 

The general results of the trials are as follow :— 
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The above figures do not include the coat of oil for heating 
the lamp. This is, however, small, and was found to be 
from 6 oz. to 7 oz. per hoar. Thus, on the average, the total 
cost may be taken as not exceeding 0'4d. per I.H.P. boar. 
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CHAPTER XXV. 

The Campbell OH Engine. — The conatmction of the engine 
ii abovn in the engravrnga. It will be seen that the eogine 
hu only two valvea — the inlet Talve A (fig. 152) and the 
exhanst valve B (figa. 163 and 154). Each valve ii fitted in 
a loose oone-Bhaped box ground into its seat. The valve 
can, therefore, be ea.n\j removed for cleaning, and aa easily 
replaced. The valve A ia held np by a apring, and opena 




when a vacnnm ia formed in the cylinder. The valve B is 
worked throngh ft lever and aide rod by an eccentric on the 
crank shaft. When the speed exceeds the normal, a centri- 
fagal governor pushes down ft steel catch and prevents the 
exhaast valve closing. When this valve is held open, no 
vacanm can form in the cylinder during the snction stroke 
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of the pUton, and coneeqnentl; no charge of oil ia drawn 
throngh the inlet valve A. 

The oil is contained in the cistern abore the cylinder. It 
flcwa by gravity through a pipe to a branch C in a circnlar 
chEtmber aurrounding the inlet valve A on the top of the 
vaporiser. Small holes lead from the circular chamber to 
the conical face of the inlet valve. When the valve ia 
drawn down by the vacaam created by the suction stroke ol 




piston, the oil can flow past the ralve into the vaporiser ; 
at the same time air is also drawn in, and spreads or aprajR 
the oil against the heated sides of the vaporiser. The 
vaporised oil and the air go together into the cylinder and 
form the combustible mixed, which is compressed and then 
fired by the ignition tnbe. The vaporiser and ignition tube 
are kept hot by the same lamp, which is fed with oil by the 
pipeD. 
Figs. 165 to 158 show sample diagrams taken dariog a 
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trial by Frofeaaor Stanfield. The followiitg is qaot«d from 

the report referred to. 
"The teats were aimilar ia every respect to those carried 

ODt by me in connection with the EdinbDigh Show of the 

Highluid and Agricultnral Society in Jnly, 1899 : 

Date of tegtfl April 21, 1900. 

Declared brake hone-power of engine... 13 

Diameter of cylinder 95 in. 

Stroke 18 „ 

Normal Speedrevolationaperminntp... 210 

Description erf oU used daring tests.,... 'RiissoleQ&' 
Specific graTity of oil 0824 




" The engine was run at fall load for four hours without a 
stop ; a trial lasting for two hoars was then made at aboot 
half power ; afterwards the engine was ran light for one 
hour ; finally a mazimnm power trial of half an hoar's 
dnration was madf>. 
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"The total revolutions imd explosioiu dttring each tent 
vere taken by means of coanters. 

"The power was absorbed by a rope brake ; the spring 
balance readings and all ireighta used were carefully 
checked at the conclaBion of the tests. 

" Indicator cards were taken at intervals of about fifteen 
minntes. 

" The oil was contained in a cistem placed on the top of 
the engine cylinder, being fed by gravity to the vaporiser 
and vaporiser lamp. 

"The oil cistern was fitted with afloat gaage, by meana of 
which it was possible to accurately determine the level of 
oil in the cistern at the b^inning and end of each test Oil 
was afterwards weighed in, and the amount thus aBcer- 
tained. 

" Daring a greater part of the full power trial the vaporiser 
lamp waa not baming ; the vaporiser being sufficiently heated 
to vaporiae the oil and to bring about ignition at the end of 
the compression stroke. 

*' The following are the reanlta of the several tests : — 

FtUl Power Trial.- 
Dnration of trial 4 honrt. 

Mean speed I ^""^^ revolutions 

•^ I permmnte. 

Effective circumference of brake... 16029 ft. 

Load on brake 166-6 lb. 

Spring balance reading (average)... 10*06 lb. 

Effective load on brake 14644 lb. 

Brake horse-power 14"% 

Explodona per minute (avarage)... 8017 

Effective mean pressure 6S'451b.per sq. in. 

Indicated horse- power 17"68 

Mechanictd efficiency 8460 per cent. 

Oil consumptioQ total 60626 lb. 

Oil per brake horse-power per hour 0846 lb. 

Oilper indicated „ „ 0715 lb. 
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" In connection witb the above test, the conenniption ol 
oil ftnd brake horae-power was OHcertained at interra.! 
during the mn, the foUoiring particaUrs being obtained :— 
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" The abore Tesolts show a gradual diminution in the con- 
Bomption of oil per brake home-power per hour as the trial 
proceeded. At the beginning of this test too little cooling 
water was flowing through the cylinder jacket, ctoisequently 
the cylinder became overheated : thie fact no doubt accounts 
for the slightly heavier consumption darii^c that time. 



SJ.4.I900. 
Hal/ Pmoer, Trial (4.i8p.n 
Scale J J5 
Mean press. 70-75. 



Fio. 155, 

Half }'owtr Trial .• 

Duration of trial 2 hours. 

Loadou brake 871b. 

Spring balance reading, mean 4 lb. 

Effective load on brake 831b. 

EfEective circumference of brake... 1GM9 ft 

Revolutions per minute, average... S13'05 

Brake horse-power 8-58 

Explosions per minute, mean 4824 
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H<ilf Povxr Trial— continwii. 

Efieotive mean preaaare G8'871b. per aq. in. 

Indicated horse-power 1070 

Keduuucal efficiency 8020 per cent 

Oil conanmpti<m, total 16'44 lb. 

Oil per brskehorse-power per hour 0*957 lb. 

Oil per indicated „ „ OiGS lb. 



S}./,.1900. 
Full PoiBBf Triai ( 10.55 a.m ) 

Mean press. 'G'J-25. 




Light Power Trial ; 

Duration of trial I hour. 

ReTolntiona per minute, mean 217 

Ezploaions per minute, mean 17 

Effective mean preuare 51-551b. periq.ii 

Indicated horse-power 2'98 

Oil consumption, total 3313 lb. 

Oil per indicated horse-power per 

hour 1111 lb. 

SI.4-1900. 
Jdaxiirmm Power Trial (3.21 p.m.) 

Scale ffjn 
Mean press. 70-75. 
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Maximma Power Trial: 

Darationof trial O'SOhonr. 

Loadonbnike 1921b. 

Spring balaooe reading, mekn la lb. 

Effdctive load on brake 177 lb. 

Aerolntioiu per minute, mean 207'8 

Effective droninferencQ of brake... 16029 ft 

Bmke horse-power 17'86 

ExploBioDB per minntp, mean 932 

ESitctive mean preasaie GGBSlUpersq ii 

Indicated horae-power 2006 

Mechanical efficiency 89 00 per cent. 

Oil conanmption, total 6 '9 lb. 

Oil per brake hoise-power per hour 773 lb. 

Oil per indicated „ ., 0687 lb. 

214.1900. 

LioJtt Power Trial (G.lSpM,) 

Scale i^ 

MsonpcH^ £6-9/a- ietk ditgtaaa 




Summary of the above triali. 



Cudditlonsof TrUI. 


Full 
Fowor. 


Hall 

Powor. 


Ke. 


"Kir." 




H-9i 


B-as 




i-sa 




17-a8 


]0-7fl 


!K 


MM 




M-bH 


MM 




WOO 




laass 


S-22 


S-313 


138 


hor«.po™p«bSurlb 


0-3« 


0-M7 




017S 


hOfe-powMpJUirlb..... 


0.,. 


0-763 


MU 


Q-KJ 



THE CAMPBELL OIL ENUIKE. 323 

" The engine appeared to work exceedingly weU, antl it is 
to be regretted that time did not permit me to continue the 
mazimnm power trial, as I am convinced the engine conld 
have maintiuned that load for a considerable time without 
showing any aigna of difitresa. 

"All Iwaringa were quite cool at the end of the tests, and 
the combustion of the oil seemed to be perfect as the exhaust 
was quite clear." 

Theanthorwaaaskedtomnkeafortber test of a Campbell 
engine with oil of a somewhat different character. The 
following is quoted from the author's report : — 

" The vaporiser fitted to this engine was made according 
to the pattern usually supplied hy the CompBiif , and known 
aa the 'Campbell' Vaporiser. The oil wasted by gravity to 
the vaporiser and to the lamp for heating the same. 

"The speed of the engine was regulated by means al^ 
centrifugal governor, by the action of which the exhaust 
valve was caused to remain open when the speed increased 
slightly beyond the normal. A tachometer showed a 
maximum deviation during the tests of 2^ per cent from the 
mean speed. 

"The engine ia extremely simple in its construction, there 
being only one valve for the admission <A the oil and air 
charge to the cylinder, and one other valve for the exit of 
the burnt gases. Both these valves can be detached from 
the cylinder in a few moments for examination. 

" The ignition of the charges was obtained by means of a 
hot tube attached to the vaporiser, and heated in the first 
instance by means of a petroleum lamp. When running with 
the full load on the engine the lamp may be dispensed with. 

"The time required for heating the vaporiser from normal 
atmospheric temperature to that necessary for starting the 
engine was fourteen minutes. 

"Eeferring to the tabulated figures, it will be seen from 
line 14 that the percentage of carbon in the petroleum is 
less than usnaL This figure has been checked by an inde- 
pendent analysis, and ia thereby confirmed. 
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" The ezhaaat gaiea vere tuuily Bed by menna of an Oraat 
■pparatoB, the gues being collected from a branch oa the 
exhaust near the engina The steam in the exhaust gaseB 
waM of conrse condensed in the oolleoting pipes. Each 
sample was tested for combustible gas, bnt none was detected, 
thns proving the combustion to have been complete. 

"It is sometimes maintained that engines working with a 
graritr feed for the oil do not sapply oil nnifotml; to the 
vaporiser. I fonnd, however, that the constitnenta of the 
exhaust gases bore nearly the same proportion on the six 
■amplea tested, thns showing that the oil soppl; was very 
regular, and that no leakage occurred at the oil inlet valve. 

" Referring to line 19, the temperature of the exhaust gases 
vu probably higher than that calcnlated from the indicator 
diagram. Althoagh the 'pellet' of the Siemens Pyrometer 
was inserted in the flame from the exhaost, it was difficalt 
to plange it into the water in the instrament witbont some 
loss of heat. This accounts for the discrepancy between the 
figures given. 

" Line 23. This gives the thermal efficiency of the engine 
to be 16*4 and 14-5 at fall and half loads respectively. The 
efficiency is here calcnlated on the brake horse power, not cm 
the indicated, as is sometimea done. Had this been done the 
figures would be 203 per cent at full load and 21 1 per cent at 
half load. It is obvious that a greater proportion of heat is 
absorbed in driving the engine at half load than at fall load, 
which accounts for the variation of the figures. 

" Throughout the tests the engine worked smoothly and 
without attention. The exhaust gases were coloorleas, and 
upon holding a sheet of white paper to an orifice near the 
engine, it did not become blackened by particles of nnbnmt 
carbon" 
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Tabulated Rksultb of Test. 

1. Nominal dimeoBioDa of engine — GJin. diameter cjlinder and Ifb. 6in. 

itntke. 

2. Exact area of piston 71'f>j iquare inolies, and I'49 feat atioke. 

Pull Loud. Eslt.LouL Ljgbt. 

3. ReToluHoDB per minute 211-56 215-06 216'67 

t. Deriation from mean speed by tacb- 

iioeter 2J% 2i% 21% 

5. Net load oh brake in pounds 16873 S0-B5 

6. Brake horee power 17'37 S-62 

7. Indicated horae power 21-fi(l 137 4-2 

8. Mechanical efficiency per cent eO-4 69'3 

9. Mean efiectiTe preaaure in pounds 

per square inch 72-5 71-9 54-5 

10. Mean number of explosions per min. 92 &9, 24 

11. Compression pressure in ponnds per 

square inch 60 48 30 

12. OU. Specific grsTity at 70 deg. F., 0-793. 

13. Flaah point (barometer 30 in.), Abel close test, 84 deg. F. 

14. Percentage of carbon b; weight, 7S'89. 

15. Percentage of hydrogen by weight, 13'83. 

16. Calorific value per pound of oil, deducUng for latent beat of ateam 

formed, 18,84rB.T.U. 

17. Exhaust gaeea. Percentage of conrfJtuenta ( ^^' ^l* P*I ^- 

'!"'""• is bI'SIcS 

18. Specific heat of exhaust fcase", allowing for steam formed by com' 

bultion ol hydrogen, 0-177. 

19. Temperature of exhaaat gaaea calculated from indicator diagram, 

1270 deg. F. Temperature taken by Siemen's pyrometer, 1014 
deg. F. 

FuU Load. Hall-Load. Ligbt. 

20. Jacket water per minute — pounds ... 24'4 1S7 5*15 

21. Temperature of jacket water inlet... 44 44 44 

22. Do. do. outlet... 117 119 112 

23. Percentage of beat energy aTailable 

BtflywheeU ^ 18-4 14-5 

24. Percentage of heat abaorbed in 

driving engine 3*9 6'4 14'1 

25. Percentile of heat lost in jackeU ... 3B-9 42-1 27'9 
S3. Percentage of heat lost in exbautt 

gaa and by radiation 888 367 580 

27. Oil conBumpticn. Total used, inclu- 

ding lamp — pints 429 I7'85 4*01 

Do. pounds 42'4S 17-87 400 

28. Oa per I.H.P. hour— pints 0-662 0-851 0957 

Do. do. pounds 0-656 0-648 0-fll8 

29. Oil per B.H.P. hour— pints 0*823 0-B37 

Do. dn. pounds 0*815 0'928 —— 
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TA« Britannia Company's Engine u the invention of 
Mr. KootB. Fig. 159 showa a section tbrongh the vaporiier 
of the Britannia oil engine made under Boots' patents. I 
is the ignition tube, which is snrroanded by the casing H. 
Air enters the caaiag, and in passing ronnd the spiral 
pusages it becomes heated by the same lamp nsed to heat 



the ignition tnbe. Daring the oatstroke of the piston the 
air is sacked from li, throagh the elbow at X, to Y, and so 
paaaea into the cylinder through the valve AY. As the air 
sweeps through the passages marked X, it carries away with 
it a certain quantity of oil from the grooves of a spindle 



THB BBITASKIA. OIL BSfJINB. 327 

which enters the chamber X at the point marked F. The 
oil ia vaporised hj contact with thn hot vails of the cham- 
ber Y, and passes off with the air to the cylinder. On the 
retnm stroke of the piston the vapour is compresaed into 
the ignition tube and ignited. 

The way in which the oil is carried into the chamber, 
shown at X, £g. 159, is further illnstrated in fig. 160. The 
Binndle is here shown at A A, and the side view of the 
chamber X shows the spindle A A passing through it This 



spindle has grooves cut upon it, which are shown in the ait 
cavity C^ fig. 160. The quantity of oil entering the chamber 
X is regalated by the governor. As the speed rises the 
piece B is lifted, so that all the grooves on the spindle do 
not enter the chamber X ; thus the oil supply is reduced. 

According to Professor Capper's repwt, from which we 
have prodnced the illustration, this engine gave no trouble 
in working. The average revolutions on each of the three 
dsys of the Cambridge trials did not vary, though there was 
gOme racing of the engine in spite of the ingenious method 
of governing. 
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The Capiioine Oil Engine is made by Alessrs- Tolch and 
Co., of Ixmdoii, and its diatingaiahing featarea ara showit 
in figa. 161 and 162. Fig. 161 ahows the npper end of the 
vertio&l combnstiDn chamber. On the outatroke of tbe 
pistoQ air enters the antomatic valve ahawn at B. Tha 
greater volame of air passes into the cflinder round ths 
outside of the case D, whilst some air necessarily pauses 
throngh the conical hole C. The part C is kept at a high 
temperature by the explosion, its heat being retained by 
the non-cond acting substance surrounding it. 



pio. ICl.i-Scct'oii tbrougli VapTlber sad CombuitlonChiuDbsraf TalfhudCa.'i 
Cdpita^ne Euglno. 

Oil enters by the pipe A, and, passing throngh the hole in 
tbe air valve fi, drops into C, and ia vaporised. Tbe central 
spindle vithin the valve B closes the oil passage to Q, when 
the valve is in its uppermost poeitioa The governing ia 
efiected by holding open the exhanst valve, ao that B 
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3 closed during the outatroke, and no sir or oil ia 
pasBod into the c^liitder. 

The deli very of oil to the pipe A is effected hy the plnnger 
pnmp B, shown in fig. 162. This pnmp works in a gtyceriae 
bath. Oil floats npon the sarf ace of the glycerine an,d passes 
into the pipe A, iig. IGI through the slide valve A, fig. 162. 




Professor Capper says : " The oil ordinarily used in this 
engine is Tea Rose, and some difficulty was experienced in 
keepii^ the vaporiser hot enough to work with Hussolena 
Experience with the use of Eusaolene oil may be expected to 
overcome these difficulties, and the engine certainly deserves 
praise for its particularly quiet running, and for theingennity 
as well as simplicity of its working parts." 
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TaDgye'B vaporiser, made nnder Finkney'a patents, ia 
shown in fig. 163. The vaporising chamber is in direct 
eommanicatiDn vith the cylinder. Air is drawn in throngh 
the mnahroom valve, and meets oil fed bj gravity from a 
tank to the hole on the valve seatiog. Thas, when the 
valve opens by the auction of the piston, oil drops throngh 
into the vaporiser. To govern the engine the exhanst valve 



Flo. 163, -TkiigJB'B Vaporiser. 

is kept open and the aatomatio valve remains clMed daring 
the suction stroke, thus preventing the admission of fresh 
ftir or oil to the cylinder. Alainp placed beneath theignitioa 
tube heats both the vaporiser and the tabe. Before starting, 
the lamp is placed immediately beneath the vaporiser. 

The Fielding Oil Engine is constructed by Mesars. Fielding 
and Piatt Idmited, of Gloucester. The engine works in a 
aimilar way to a gas engine, with the exception of the 
additional parta required to vaporise the oil. A longitudinal 
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secti<m of the TSporiger ia ebown in 6g. 164. This vaporiaet 
consists of two tubes, one above the other, the loner ona 
being heat«d bf the lamp to & bright red, whilst the upper 
one is kept at a lower temperature. Two copper tubes, at a 
high temperature, connect the air inlet shown to the upper 
vaporiser tube. V is an automatic valve, drawn open by 
the outstroke of the engine piston. The action of the engine 




ria. 104. -T5» Fielding Vojiiirlsar. 

is as follows : Daring the outstroke of the engine piston, air 
is drawn into the cylinder through a valve in the combustion 
chamber (not shown). The valve V also opens, and a current 
of hot air sweeps through the ignition tube into the cylinder. 
Oil vapour, which has been pumped into the vaporiser tube 
mixes with this air, but is not ignited by the ignition tube 
because of the inferior quantity of air drawn through the 
valve V. When the vapour charge enters the cylinder it 
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minglM with the pnra air entering by another valve, Kod 
thm f omu an ezplodve mixture^ wbich i^tes when part of 
it ia compressed back Into the ignition tnbe. Fig. 166 sbowa 
an end view of the engine. 

The ipeed ia ccmtrolled by a oentrifngal governor, which 
props Dp the exhanat valve lever and the oil pamp rod. 
Henoe no oil ia injected into the vaporiser, nor is pnre air 




drawn into the cylinder throngh either of the valves. This 
engine ntn very steadily daring the Cambridge triala, start- 
ing readily with one attendant after the vaporiser tabes 
were heated for about 20 minntes. This engine was, how- 
ever, withdrawn from the competitive trials on account of 
slight defects in the heating lamp, which have since been 
remedied. 

A section of Messrs. Clayton and Shnttleworth'e method 
of igniting is shown in tig. IC6. A ateel needle projects into 
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the oombnation chamber. This needle is gnrronnded by a 
number of atripa of asbestos millboard. The heat retaiueil 
by this arrangement keeps the needle at a sufficiently high 
temperatiire to ignite the charge when it is compressed. A 
tube shown in the illoatration serves for ignition when 
starting the engine. The igniter is said to work satisfac- 
torily even at low toads. 



Fm. IW.— Section ot CUj^u and ShutUDWortOi's Oil Eo^s Ignilsr. 

Tb£ Gardner Oil Engine (fi^s. 1G7, 168, 169).— This engine 
14 mannfactared by Meaare. L. Gardner & Sons, of Barton 
Hall Et^^e Works, Fdtricroft. The general outline of the 
engine is similar to that of the gas engine already described 
as made by this firm. The eccentrics for operating the 
Talves are similar to those used on the gas engine, and 
constitnte a diatingnishing featnre of the engine. The 
Rovemor also acts npon the same principle as that described 
for the gas engine ; such structural modifications being 
made to enable the oil pump to be operated only when the 
vapour valve is opened. Thns, as in the case of the gas 
engine, the governing is effected by cutting ont the supply 
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of oil to the vaporiser, and at the same tim« preventiDg the 

T&poar already in the vaporiser from entering the oylinder. 

The oil pnmp for forcing the oil to the vaporiaer ia shown 

on the general drawing, figa 167, 1G8, and alao in detail in 




fig. 169. The plunger P is forced inwards by a rocking lever 
shown clearly in the general drawing. As the plunger 
moves forward it cots off the oil inlet port through which 
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oil enten the barrel of the pamp bj grsTity from the supply 
tknk. The oil charge is theo forced paat the foot valve and 
deliTered to an open cop on the vaporiser, whence it is 



ft 
I* 



sucked into the vaporiser daring the indraft catued br the 
piston. A little air enters the vaporiser with the oil, bat 
the greater supply is talceu throngh the air regulator bolted 
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to the admiBsion valve box. From the poaitiona of the tvo 
channelB, it will be seen that when the admisBiOD valve 
opena to the cylinder, a stream of vapoar and air meet, and 
become well mixed as they pass together throagh the valve 
to the cylinder. Ignition is effected by the hot tube heated 
by the same lamp med for the vaporiser. 

The following test figures for these oil engine! have been 
supplied by the makers. 

No. 1 Oil Eogioe— 

li Rap. 

Cylinder diameter, 3^ in. 

Piston stroke, 6 in. 

Oil per &H.P. honr (including lamp^ I'lS lb. 

Petroleum used, 825 density. 

Oil used per B.K.P. hour on larger engines, 0-7 lb. 
Tht Diesel Oil Engine. — Each advance made by designers 
in reducing the losses in gas and oil engines has been 
obbuned by increasing the amount of compression of 
the charge before ignition, until to-day a pressure of 
80 lb. is often met with. It is probable, however, that 
in the usual form of engine the limit is practically 
reachedi for the high temperature of the piston, etc., 
usually found associated with a chaise of highly-com- 
pressed and combustible gas is running very close to 
the point of explosion. Herr Diesel's aim baa been to 
increase the pressure due to compression far beyond that 
mentioned above, and to do this succesaf ally he has adopted 
a modified cycle, in which the air is compresBed separately 
and the oil injected afterwards, the ignition being effected 
by the temperature of the compressed air, which it was 
stated was about 1,000 deg. FaL The oil burns, but not 
rapidly enough to raise the pressure in the cylinder, and the 
diagrams obtained when running under fnll load resemble 
somewhat those obtained from a steam engine, as the upper 
line is very nearly horizontal until the oil snpply is cat off, 
when the expansion curve commencea The laige excess of 

23o 
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air present serres to keep the temperature of the cylinder 
within reasonable litnita, and ensures the complete combns- 
tion of the charge. 

The engine ia operated on the two-cycle systeoi, the 
operation when working; being as followB :— When about 90 
per cent of the working stroke has been completed the 
pxhaoat valve opens, and the air inlet valve admits air at a 
preaanre of 4 lb., which sweeps out the cylinder, clearing 
away the products of combBstion and filling the cylinder 
with fresh air. The exhanst valve is then closed, and the 
piston compresses the air into a very small compression 
space, ready for the injection of the oil spray at the com- 
mencement of the ont or working stroke of the piston. 

A recent engine of this type, bnilt by Messrs. Scott and 
Hodgson, was of the horizontal type, the piston being ?g in. 
diameter and 10| in. stroke, and was mn at 216 revolntiona 
per minate. Oa the piston rod, between the power piston 
and the crank, is a second piston 9 in. diameter working in 
a cylinder, which fulfils two functions. During the first 
part of the instroke it compresses air, and delivers it at a 
pressure of 4 lb. per square inch into a reservoir formed in 
the engine bed, for the purpose of cleaning ont from the 
power cylinder the products of combnstion, as mentioned 
above. The discharge valve is over-ran bythe piston before 
the stroke b completed, and the air remaining in the power 
cylinder is further compressed to SOtb. per square inch, and 
delivered to a second pump 2j in. in diameter and 5^ in. 
stroke, and by which the compression of the air is carried 
on ; a pressure of 750 lb. per square inch is attained 
and is used to spray the oil into the power cylinder. 
The oil pump is operated by an eccentric driven by 
a lay shaft at the side of the engine, and the 
governor operates by means of a taper wedge, which 
controls the suction valve, thus permitting some of the oil 
to leak back when the engine is running on light load. The 
pump delivers the oil to the inlet valve, and when the valve 
is opened the compressed air from the small pump forces it 
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«loiiK a number of fine passages into the power cylinder in 
the form of apray. 

The Harping compreased air from the small pnmp is stored 
in a steel reservoir for nse in starting the engine. The 
operation of starting is effected by shifting a cam on the lay 
shaft, BO that the oil inlet valve is put ont of action, and 
another special valve is set in motion, which admits the 
compressed air from the two reservoirs, so that the engine 
is operated virtually aa a compressed air engine nntil the 
engine is fairly in motion, when a sluall movement of the 
hand wheel, close to the end of the cylinder, cnts the air 
supply ont and admits the oil snpply. 

The only tests available are some made abroad, and 
Professir Unwin stated', aa the results of tests and experi- 
ments that he has made upon an engine at Augsburg, that 
it will convert 37 per cent of the heat in the oil into oseful 
work, which is a very considerable advance upon existing 
records of other oil engines. The Aagsbnrg Eogineering 
Oimpany guarantee their cnstomers a consumption of 0'452 
lb. of solar oil or of crude petroleum per brake horse power 
hour, and that at half power the consumption shall not 
esceed 052 lb. for all sizes of engine. Professor E. Mayer, 
of Chariot tenburg, reports a consumption at fall power of 
0-467, at three-quarter load 0486, at half load 0567, nsiiig 
raw Legernsee oil of speciSc gravity 789 at 08 deg. Fah. 
With oil at 4jd. per gallon, the Diesel engine is guaranteed 
to give at half load a brake horse power at the low cost of 
0'26d. per hoar. At work this ecgine ran very quietly, and 
withtheadvantage of operating on the two-cycle method the 
flywheel power required for any degree of steadiness is much 
reduced ; wbilstthesystem of governing is much more condu- 
cive to steadiness than the hit-and-miss method can possibly 
be. The complete combtistion renders the deposition of soot 
in the cylinders and passages an impossibility. 
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CHAPTER XXYI. 
Oil Qas Enoines. 



In writing upon the subject of oil Knd spirit engines 
u ttiatinot from the parent motor, the gaa engine, the 
progress nutde in connection with the latter is apt to be 
lost sight of. For instance, Mr. Daimler attacked the 
problem of obtuning motive pon-er from oil or spirit, after 
having acquired a conaiderable knowledge of the pecnliari- 
ties of internal combustion engines from hia association 
with Dr. Otto in helping him to perfect the gaa engine. Mr. 
Daimler took up the investigation of petrolenm motors at a 
time when the gas engine had acquired a commercial repn- 
tatios, and was, by far-sighted engineers, regarded as a 
serious competitor to small steam engines. The problem 
of the oil gaa motor was bf no means of easy solution, bnt 
Daimler, being already in a unique position as an inventor 
of internal combustion engines, was well qualified to design 
an engine working by gas generated from oil or spirit 
by the engine itselt Just as Otto had designed a successful 
gas engine from the raw material of many crude and 
impracticable patents, so Daimler may be regarded as the 
first designer of those engines which derive their power 
from petroleum spirit, and which were first applied to the 
propulsion of small vehicles on common roads. lu saying 
this we have no intention of discounting the excellent work 
of Messrs. Friestman, who so perseveringly worked out the 
patents of Eteve ; for there is a broad mark of distinction 
between all petroleum spirit engines and those which work 
by means of the heavier commercial petroleum so univer- 
sally used as an illuminating agent. We are, however, 
prepared to admit, and, indeed, emphasise the great assist- 
ance which any inventor obtains from those commercial 
agencies by which his name becomes permanently associated 
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with indnBtry. Indeed, in reviewing the vut dieub of infor- 
mation contained in the annals of the Patent Office, we are 
almost forced to the conclnaion that the ioTentor who 
BQcceeds owes more to his own business capacity, or that 
of his financiers, than he doea to his professional attain- 
ments. 



After several years' experience with the OttO gas engine, 
dnring which time Mr. Daimler asaiBted Messrs. Crossley 
Brothers, of Manchester, he deroted his attention to the 
perfection of a motor worked by petroleum spirit The 
reanlt of his earlier labonra ia embodied in the engine 
illnstrated in fig. 170, which was patented in 1885. About 
a year previously to this Mr. D&imler took out a patent for 
tube ignition in connection with oil engines. Whether this 
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was a TEilid patent, however, may be doubted, for tube 
ignition in gas engines had been naed by Mr. Atkinson 
u early as 1879- As, however, the vsUdity of contested 
patents so oftea hangs upoa threads worn thia by legal 
argument, it ia possible that the application of the hot tube 
to oil engines was a sufficient departure from the usagpea 
of the times to coustitnte a usefol patent Referriog to Gg. 
170, thb motor worked npon the Otto cycle— that is, it gave 
an impulse to the piston every other revolution. The Ry~ 
wheel F, carrying the crank pin, is enclosed in the chamber 
C, open to the lower end of the cylinder. As the piston 
approaches the lower end of the cylinder, after ignition has 
taken place, the eshauBt valve V is opened, and allows some 
of the products of combustion to escape. At the same time, 
a projection compresses the spring S, and leaves the valve 
in the pistonfree to admit air or combustible mixture to the 
cylinder ; thus, at the end of the down stroke, some of the 
burnt products are displaced by the compressed gases in the 
chamber C, and, on the up stroke, more products are ex- 
pelled from the cylinder. During the next down stroke the 
charge of combustible gas is drawn in through the valve V. 
When the bottom is again reached, the valve V is freed 
by the projection, and a further charge admitted from the 
chamber C ; on the up stroke compression takes place, and 
then ignition by a hot tube. A previous ignition was said to 
be avoided by closing the gas valve towards the end of down 
stroke by a tappet. In the light of present knowledge^ it 
would appear that this precaution was unnecessary, the 
ignition tube being filled with exhaust products would not 
permit the entry of an explosive mixture, unless the Utter 
wero considerably compressed within the ignition tnbe. 
The exhaust valve Y is actuated by a cam on the flywheel 
through a pin and rod. 

The engine was started by keeping open the exhaust and 
inlet valves by means provided, and turning the handle 
H. A clutch gear will be noticed attached to the stsrtitig 
handle to allow the engine to overran the motion of the 
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faandle when the first impolse oconired. The main object 
of the central valve in the piston was to accelerate the 
discharge of the exhanst, and to clear, as far as possible, all 
-waste gases from the clearance space. That this is done at 
some risk of losing, through the exhaust, a portion of the 
new mixture, will be evident. It is stated, however, that 
the cycle might be varied by holding open the iolet and 
exhaust valves at anitable portions of the stroke, so that the 
valve in the piston conld not come into operation. It is 
probable that, when the central valve in the piston was 
nsed, it was intended only to admit air from the lower 
chamber, in which case the air would greatly assist in 
clearii^ the cylinder of the exhanst prodnots of combustion. 
In I3S5 Mr. Daimler proposed and patented the applica- 
tioQ of this motor to a bicycle. Previously to this date 
compressed air and steam had been tried in small motors 
adapted to cycles, aa they then existed, but with little 
success. Indeed, compressed air at that time was imprac- 
ticable ; compreasors were scarce, as well as ineSlcient, and 
evea if they had been available a convenient storage \n» 
wantisg. Steam naturally attracted the attention, bnt the 
cumbersome boiler, the troubles of stoking, the space re- 
quired, and the weight of the machinery, were obstacles 
sufficient to prevent the most sanguine inventor from 
contemplating their use as a means of propelling vehicles 
suitable only for one of two persona. With the spirit 
engine these disadvantages are considerably reduced ; 
weight is minimised, the fuel supply is not bulky, nor 
difficult to replenish, the motor small, and the working 
parts few. The general drawing which accompanied 
the patent is here reproduced (fig. 171). It may be 
regarded with contempt by the fastidious cyclist of to- 
day. But it must be remembered that, when this drawing 
was made, it was necessary to distinguish the "spider" 
bicycle from its dying contemporary, "the boneshaker.'' 
Some modifications in the gas generator were introduced. 
The vapour was generated in a vessel charged with petro- 
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learn, and cDnbtining a £oat fitted vith a central basin, into 
whidi the petrolenm rose throi^h a hole in the bottom. A 
perforated air supply pipe led into this basin, and the »ir 
bubbling throngh the petrolenm became chained with the 
vaponr, and was led to the engine, a piece of wire ganze and 
a safety valve being inserted in its way to prevent accident 
in case the flatne shoald strike back. The cylinder was 
cooled by a current of air generated by a fan on the crank- 
shaft. A rope mnning on grooved pnlleys, and capable of 
being tightened by a jockey pulley, served to transmit the 
motion of the engine to the rear driving wheel. It may be 
claimed that the snooess attending this experimental machine 



paved the way to the foundation of that industry which is 
DOW established, and is growing very rapidly. 

In a short time the Daimler motor was used for propelling 
tram cars, carriages, qnadricycleB, laDoches, and waa even 
fitted to fire engines. In 1893 the London County Conncil 
ordered a pinnace fitted with a Daimler motor, for nse in 
connection with the sewage outfall works at Crossneas and 
Barking. The following description appeared iu the 
Engineer.' We illustrate the motor and vaporiser then used. 
It will at once be noticed that the engine has undergone 
alterations. The most obvions improvement is the cam 
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action which replaces the grooved cam in tb« flywheel (fig. 
172) for aperatiDg the exbanat TaWe. In this case the 
exhaust valve is actuated by a cam driven b; two-to-one 
Rearing from the crankshaft. The inlet valve u entirely 
automatic, and the central valve in the piston is dispensed 



with. The engine governs by holding open the exhaust 
valve, as in the previoas design, thongh the governing 
mechanism is mnoh improved by the adoption of a weight, 
the centiifagal action of which trips the lifting finger of the 
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exhanst valve. The omngement of the vaporifer ia dearly 
aeen by reference to 6g. 173. The aapplj pipe S condacta 
the spirit (ap. gr. G8 to O'TO) to the bottom of a reservoir 



II, in which the spirit riaea to abont two-thirda of its height. 
The float F reata npon the anrface of the liquid in the 
reservoir. The pipe P aervea the doable parpoae of guiding 
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the float as it rises and falls and at oarryiag the air to the 
surface of the liquid, alloiring it to babble through the per- 
forationa shown at H. It will be seen that the main object 
of the float is to keep the pipe F with its perforationB at 
the surface of the liquid as the latter rises and falls in the 
reservoir. In addition to this, the float proTButs the agita- 
tion of the surface of the liquid, and ensures the oniform 
oarbnration of the air by keeping the perforations at the 
lower end of F immersed at a constant depth. We shall see 
in another design how the float b discarded for the parpoaea 
here mentioned, but is still used for controlling the supply 
of spirit. Hot air from the pipe A passes dowa the central 
pipe F, bnbblpB through the holes at H, and rises into the 
vapour pipe V. At G the air is strained through fine wire 
gauze. This filters it, and prevents accident due to the 
firing bock of the motor should the flsme so created reach 
the pipe V. It will be seen that an additional air supply is 
mixed with the vapour on its way to the motor. The air 
valve permits of the regulation of the air in the motor to suit 
the conditions of working. Change in temperature, and the 
humidity of the atmosphere, will afldct the quantity of air 
required. 

Since 1893 the Ditimler motor has undergone still further 
development. We will now describe the engine as it is at 
present manufactured by the Daimler Uotor Co. Ltd., of 
Coventry, to whom we are indebted for the ittnatrations 
herewith. Figure 174 shows a sectional elevation of the 
motor. The float F is now used as a regulator for the supply 
of spirit to the nozzle H. The petrol is forced up the supply 
pipe L by air pressure maintained during running by allow- 
ing some of the exhaust gases to leak through into the 
petrol chamber. On the down stroke of the motor piston A, 
the inlet valve E is opened against the pressure of a spiral 
spring. A current of air entering the adjustable slots shown 
at 0- passes into the channel just above the nozzle H. The 
induced draft of air oarries with it a spray of petrol from H 
to the cylinder A. On the return stroke of the piston, the 
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inlet valve closes automatically, amd the mixtnre is com- 
pmsed into the igDition tabs at C. To insure regular 
ignitioDB, the platinum tubes should be heated in the centre 
to a bright red by an almost inviaible flame. The tubes will 
require attention every three or lour weeks when in constant 



ase, and should be kept perfectly clean by rubbing them 
lightly with the finest emery cloth. It is just as important 
that the tubes should be kept clean on the inside as the out- 
side. For the removal of the tube a box key is provided, 
which shonld be carefully used, as the tubes are thin, and 
will not bear any rough usage. The exhaust valve is operated 
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bf acam. The rod attached to the Talveia tinder the control 
of the govemor, and is poshed aside so that the cam does not 
act npon it irben the speed of the motor increases beyond the 
limit alloved. By thia means the exhanst valve ia held openi 
with the remit that the prodnuts of combustion retarn to 
the cylinder, instead of a fresh chaise. When the engines 
are in duplicate, aa they always are for auto-oar irork, only 
the right-band exhaust valve is operated first If, however, 
the speed of the motor still increases, the left-hand rod is 
operated by the governor. This arrangement condncei to 
steady ranning. The motor, when working at full speed, 
makes 700 revolntions per minute. Figa 170, 176, and 177, 
together with the reference to the numbers thereon, will 
give a detailed idea of the way in which the Daimler motor 
is applied to carriages. 

The Daiuleb Motor at the Bikuinghau Trials. 

The performances of the Daimler motor at the Birmii^bam 
trials throw light on the relative economy of the working of 
oil motors, and oSer opportunity for comparisons between 
oil and steam motors. The statistics which follow are 
gleaned from Professor Unwin's report, printed in the 
journal of the Royal Agricultural Society. Professor Uowin 
is, however, not responsible for the deductions here made from 
his figures. 

Looking first to the important question of cost of working 
the oil motor, as applied to self-moving vehicles, one cannot 
but notice that the Daimler motor was worked at the oost of 
0'46d. per ton of cargo per mile, whereas the steam-driven 
motors running over the same course cost more thou 0'7d. 
per ton of cargo per mile, representing a saving of mare than 
thirty-three per cent, calculated on the basis of the more 
expensive motor. In working out these costs the coal has 
been taken at 20s. per ton, and the spirit at 7Jd. per gallon. 

Some very interesting and important figures on the 
resistance due to the total friction of the Daimler carriage 
are given. It was found that the force required to keep the 

t:ooslc 
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car rnimuig withoat accelerBtioc on b level road was nearly 
501b. per ton. It most be noted here, however, that thia 
figure has been ascertained by allowing the oar to descend 
an incline with the motors revolving freely with the gearing, 
la the case of an oil motor the friction would not be greatly 
iocreased by the pressure exerted in the cylinders. In the 
case of a steam-driv«i motor the friction, when under steam, 
is likely to be increased. The reason of this is not far to 
seek, for the glands require to be tighter, under steam, and 
the resistance dne to the slide valves is also increased. In 
the oil engine the only extra friction is that due to the side 
thrust occasioned by the obliquity of the connecting rods, 
ftnd the lifting of the exhanst valve. Thna, it will be seen 
that the mechanism is credited with less frictional resistance 
than it might really experience, if the motor were working 
the car. We hare said that nhder these circumstances of the 
trials it required 501b. per ton to overcome all resistances. 
From other experiments on the resistance to the rollinB; of 
rubber wheels on ordinary roads, it may be estimated that 
about 401b. per ton would be reqnired to move the vehicle, 
if all the resistances of the mechanism were discounted. 
This leaves ten pounds per ton for the internal resistance of 
the motor mechanism, and this represents a mechanical 
eGG;dency of eighty per cent for the motor and gearing. On 
referring to former remarks on the efSciency of gearing, it 
will be understood that the design and the excellence of the 
workmanship mast be of a high order to realise these results 
inpractica 

The indicated horae-power reqnired to drive a car at ten 
miles per hour on the level and on the various gradients is 
depicted in fig. 17S. In calculating the points on the curve, 
it has been assumed that the total resistance on the level 
amounts to 50 lb. per ton, and the horse-powers are calcu- 
lated for a gross load of one ton. From the diagram it is 
evident that a minimum horse-power of 1'33 is necessary for 
driving at ten miles per hour on good level road. Over and 
above this an additional power is required for propelling the 
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vehiols np bill. IE the ■peed np hill be mkiaUined at ten 
milet per hoar, the power needed ia increaied very greatly. 
Bat by the use of gearing the speed ap hill may be redaoed. 
and the power accordingly rednoed How mach power ia 
reqaired for any car depends, therefore, npon the maximaia 
■peed at which it is required to aacend the eteepeat gradient 
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that it is likely to escoanter over the worst state of 
road. This is a matter that most be carefally considered 
when designing motors for aatooars. It may be pointed oat 
bere, however, that the necessary horse-power required to 
ran the vehiote at ten miles per boar on good road is doa bled 
when an incline of one in forty-five is met, that it is trebled 
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when an incline of one in twenty-two is met, and that it i> 
-qnadnipled when an incline of one in sixteen is met. It, in 
addition to the rise in level, the road aarface ia leaa faTonr- 
able, it is evident that the power reqaired will be con- 
aiderably increased. It may frequently be necessary to 
negotiate hills of one in fire, and to do this at foar miles per 
hour a horse-power of six is needed. With snch a power it 
will be noticed that the motor will only need to exert half 
its strength to moant a gradient of thirty-five to one at ten 
miles per hour on good roads. Although this appears waste- 
fnl, it mast be borne in mind that the value of a self-propelled 
car depends upon its resistance to all obstacles likely to be 
met with. For general nse, the power per ton is estimated 
at five indicated horse-power. Though when a oar is deugned 
specially to meet the needs of any one district, the borae- 
power may be considerably varied. 

It is interesting to note that the post offl» anthoritie* 
have decided to put several Dumler vehicles in service for 
the purpose of carrying articles transmitted through the 
parcels post. 

DracBiFTivB or tbe Dbiwihos of the Daiulbb Movob. 

1. FillJDg plug for supplying Uie JKk«ts with cold water. This is to 
l«dODe before atartinf. If in doubt as to the working of the circu- 
l-itiDg pump b; which the water u made to flow freely through th* 
JBoketa, thu plug shouM be removed whilet the engine ia working, and 
water ahould be seen to be paasiag through the pipe. 

a. Perforated pipe acting as vent to the jacket water tank. Tfaia 
tank ia filled, as above stated, until water begins to drip teem the 
pipes. 

3. Jacket water tack. 

i. Petrol tank. 

G. Pipe for admitting eihaust gsBei to petrol tack, to force spirit to 
float chamber. Pressure of gues thus admitted is controlled bj 
valre 12. 

fl. Pipe from petrol tank to float chamber through whioh the sptrib 

7. Float chamber. 
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S. Strminer through whioh the patrol puses on its way to tb« floit 



9. Handle for itutiDg the motor. With ignition tubes hot and 
petrol up ta float chamber, two or three turns of the handle should 
■tart the motor. 

10. Eihaast pipe from both oylinders leading to silencer 29. 

11. Pipe taking eihaiist gaaes to petrol obamb«r. 

12. Valte to control supply ot exhaust gases to pebvl chamber, 
acting also as relief valre in oue of Azceasive pressure gathering iu 
petrol chamber. 

13. Strminer to prevent dirt passiag to petrol chamber. 

14. Spring for controlliag needle valve in petrol chamber. This is 
always placed upon the spindle to hutd doirn the valve whun the motor 
is stopped for a leogth ot tim*, and should be removed before attempt- 
ing to start. 

IG. Screw for stopping motor. This acts by throwing the exbaust 
valve rods out ot gear, thus keepbg the sihauat open, and prevonting 
the suction of a treih charge. 

10, Valve for escape ot pressure from petrol chamber. This valve to 
be opened whan stopping for an; length of time. 

17. Gearing box. 

18. Croaa shaft carrjing driving piaions and bevel gean tor forward 
or backward motion of the carriage. 

19. Carriage starting lerer. This may be placed ia one of three- 
poEitions, mid-position for stopping carnage, forward (or ahead, and 
backward tor backing carriage. 

20. Lever for changing apeed of carriage. Four poaitlona possible 
correEponding to four speeds, 

21. Clutch lever for gearing motor to driving axle 18. Thia must 
always be down before attempting to change the speed, and should be 
releaaed gently to avoid jirring, after the speed lever has beeu operated, 

22. Foot lever for operating a band brake on the driving ailsw 

23. Drain tor letting out any water that may have collected in petrol 
chamber. 

24. Tension rod for adjusting the driving chain. 

25. Spring carrier. Thia to be slackened when the chain is to b» 
ad)UBted. 

26. Band brake. 

27. Friction drum for toot brake. 
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28 and G. Air iaduetioa paswge. The ilota sometiDieB require 
ngulatioD, and the openings shauld be slightly closed irbea Btoiliog ia 
cold weathar. 

29. Eihnuat Bilencera. 

30. V«pori»er. 

31. Cover to air inlet valve to cjlioder. 

32. Cylinder lubricator. 

33. Craak lubricator. 

&i. All porta with this number require to be lubricated. 

36. Closed cover for burnera. 
30. Ignition tube burnars. 

37. Spring (or regulatiug the speed of the motor. 

38. Screw for adjuating above spring. 
89. CircalaUng pump. 

40. Hand pump fordelivering compreued air to petrol chamber to 
dri'e petrol to float chamber before atardng the motor. 
i\. Cylinder drain cock. 

42. Drain cock to tAnk containing circulatiog water. This tack 
should be emptied where there is liability of froal^ 

43. Wat.er circulating pip«a. 
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OIL BKaiNE TESTING. 



CHAPTER XXVir. 
Oil Esoimk Trhxiito. 



lit a previous chapter we have described in great detail the 
method of teatiDg gas engineB. Much that has been said in 
reference thereto will readily be applied to the testing of 
oil engines. There are, however, some points arising i» 
oonneotion with oil-engine testing which reqnire special 
consideratioa 

In the first place, it is convenient to arrange the oil supply 
in tanks calibrated to give the weight of oil The calibration 
should be aeparately determined for each class of oil used, on 
account of the different density of the brands of oil now 
upon the market. 

In testing gas engines the quantity of air per stroke i» 
not difficult to obtain by difference, when the volume of 
gas in the cylinder is known. The measurement of the 
air supplied for combuutton of the charge in an oil engine 
may present some difficulty, but unless this be determined 
the heat account cannot be ascertained. When air is 
supplied by a pump, an estimate of the volume may be made 
from the pump dimensions, though this is not satisfactory. 
It may, in some instances, be necessary to measure the air 
by arranging a suitable air trunk, and in it placing an 
anemometer. In the author's opinion this instrument ia 
not reliable ; nevertheless, if it be carefully tested, a correc- 
tion curve may be plotted, by the application of which 
fairly accurate results may be obtained 

In dealing with gas-engine trials, a simple method of 
analysing the gases used was described. We shall now 
describe an equally simple method of making a determination 
of the carbon and hydrogen in a sample of petroleum. 
Although most engineers, in conducting trials, usually place 
samples for analysis in the hands of trained chemists, it iSf 
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nevertheless, a great advantage, when much testing is being 
done, to be able to perform these simple analyges oneselL 

The varions petroleam oils consist ohieflj', as we have 
previonely pointed out, of carbon and hydrogen. The earn 
of the weights of these two substances is fonnd to be very 
nearly 100 per cent The undetermined weight may amonnt 
to 0'6 per cent, and this may be neglected in engine trial 
calcnlations. The method about to be described is due to 
Liebig, who made use of the fact that if the snbstanoe to be 
analysed be mixed with an excess of copper oxide, and the 
whole be heated to redness, the carbon will reduce the oxide 
»nd pa£S off as carbon dioxide; at the same time the hydrogen 
will pass off as water vapoor. The carbon dioxide is 
absorbed by oaostio potash ; the water is absorbed by 
calcium chloride. The additional weight of these substances 
after absorption has taken place gives the carbon and 
hydrogen. 

The analysis may be done in the following way : A com- 
bustion tube of hard glass about fin. bore and 2ft. long, 
open at one end and drawn ont to a point at the other, is 
supported npon a light iron stand. A row of Baneen 
bvmers is placed beneath the tube, and a sheet of asbestos 
arranged round the tube and the flames, in order to con- 
centrate the tatt«r upon the tube. Take about 05 gram of 
petroleum, and place it in a small soft glass tube, the weight 
of which (empty) is known. Fill the tube, seal at both 
ends, and carefully weigh again. Subtract from the total 
weight, when full, the weight of the glass tube, and so obtain 
the net weight of petroleum. When heavy oil is being 
analysed the tube need not be sealed, but in the case of light 
volatile oils the evaporation constantly going on at atmo- 
spheric temperature renders it impossible to determine 
the weight accurately unless the tube is sealed. Place 
the sealed tube near the closed end of the combustion tube. 
Then fill the remainder of the combustion tube with copper 
oxide. 

Attach to the open end of the combustion tube a bulb 
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containing porous oalcinm chloride, bo that all tbo gM 
g-nerated puses throngh this bulb first From this bnlb 
the gui mnst pass into another Tesael, containmg a concen- 
trated solution of canstic potash. Wh^n the weights of 
these vessels are ascertained, and all the joints of the tubes 
carefully tested, the analysis may be made. First light the 
barners near the open end of the combastion tube until the 
copper oxide becomes heated- Gradually heat the tube to- 
wards the sealed end. When the petroleum sample becomes 
hot tbe soft glass vessel in which it is contained will burst 
by the expansion of the liquid, and the process of reduction 
will commence. To prevent a violent explosion, the liquid 
should completely fill the sealed vessel The products of 
combustion will bubble through the bulbs until the petroleum 
is consumed. When the gases cease to pass through, break 
tH the sealed end of the combustion tube, and inspire the 
gaseous contents of the latter into the absorption vessels by 
means of a rubber tube. 

Weigh the absorption bulbs after tbe process is completed, 
and so obtain the weights of tbe carbon dioxide and water. 
The cirbon dioxide is composed of 12 parts of carbon to 32 
parts of oxygen ; hence ^J or xV of the weight of carbon 
dioxide gives the weight of carbon in the petroleum samplf. 
The weight of nydrogen wilt be found by multiplying the 
weight of water formed by f. 

This method is satisfactory, provided yon have a large 
excess of freshly ignited copper oxide in the combustion 
tube. There is, however, a liability to the formation of 
carbon in the combustion tube, in which case the analysis is 
incomplete. A modification of the above apparatus is as 
follows ; Arrange the combustion tube with a free passage 
through both ends. To the end of the potssh absorption 
bulb attach an aspirator tube, so that air or oxygen may be 
passed over to consume tbe petroleum. Whether air or 
oxygen be used, a calcium chloride drier should be attached 
to the combustion tube where the air enters, in order to 
absorb all moisture that might be otherwise carried over 
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into the abaorp-'on bulb, and cr€dited to the hydrogen. 
This method has the advantage tbvt the reduced ooppt-r 
may be re-oxidised by paasing over a lai^e excess of oxygen 
while the analysis is being carried oafc. 

With respect to the heat given to the engine, this miy be 
calculated from the calorifio, value of the oiL To deteroiine 
the calorific value of oil two methods may be adopted. The 
determination may be made by calculation from the aaalysia, 
or by the direct combustion of a known quantity of oil in 
some form of caloriniRt*r. Neither method is in itself qnite 
satisfactory. Calculated valnes are oft«a found to be hi)i her 
than those obtained by calorimetric tests. On the other 
hand, the caloriiuetera at present available are not perfectly 
aatisfactory. 

To calculate the luaf value cf oil from the analy&U — 
Let C -^ the percentage of carbon by weight ; 
H = the percentage of hydrogen by weight. 
Thee, 14500 (C + 428 HI - fofo/ beat valne per poand of oil 

This value includes tbe heat given up by cooling all the 
products of combustion to atmospheric temperature (GO deg. 
Fah.). For each pound of oil burnt about Ijib. of water 
(according to the weight of hydrogen) is formed. If, them- 
fore, this product passes ofT in the form of steam, as i^ 
inevitable 'n the case of internal combustion engines, the 
question ariseE, should the latent heat of the steam be deducted 
from the caloriiic value in working oat the heat efficiency of 
the motor? The answer to the question ia more a matter of 
opinion than of right. Both methods have been adopted in ; 
ihe treatment of trials. This point ahonld, however, bu 
referred to when reporting an engine trial, and the method 
adopted should be clearly stated. The author prefers to 
^edvct from the calorific value of the oil the units of heat 
passing away with the steam. 

The following example of this calculation will suffice: 
Upon analysis the oil yields — Carbon, 84 '92 per cent ; 
hydrogen, 15'03 per cent ; undetermined, 01)6 per cent 
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14,600 U Uikon as the calorific valne of carbon, and 14,500 
X 4'28 is the calorific ralae of b^dn^ea ; beoce tbe formula 
14600 {C + 4-28 H} - total beat 
In the example given, 

14500{0'8192 ■(■ 428 X 01603} - total heaf, 
= 21G41 B.T.U. 
Bat 1 lb. of oil vill yield 9 x 01503 lb. of crater. Each 
poond of water wilt carry away 066 ttnitB ; therefore, th» 
units to be deducted from the total value ^ 9 x 01603 x 
1)60 - 130C. 
Therefore effective calculated value 



With respect to tba indicating of oil engines, there i» 
great difficulty in obtaining satisfactory diagrams with some 
engines, more especially when the engine is being forced by 
the use of exceesire oil supply. Hence tbe indicated horse 
power is seldom reliable, aad in all cases comparisona should 
be made oa the brake power. 

After reading the description of tbe vaporisers used by the 
leading makers of oil engines, it will be noticed that all 
t-ngines working with heavy oils vaporise in one of the 
folJowiog ways : (1) Oil is injected, together with the whole 
of the air supply, into a lai^e vaporising chamber, separate 
from the cylinder, or (2) oil is injected into a small 
vaporising chamber, together with some air, but the greater 
volume of air enters the cylinder through a separate air 
valve ; (3) same as (3), but all the air goes through the 
vaporiser ; (4) oil is injected into the combustion chamber, 
and is vaporised therein. Air is drawn into tbe cylinder 
through a separate air valve, and mingles with the oil 
vapour when compreeaed into tbe combustion chamber. 
The first method undoubtedly possesses the advantage that 
the mixture of the vspour with the air is more completa 

Detracting somewhat from this, there is the fact that a 
large volume of higbly-exploaive vapour b contained in the 
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vaporiser, and back firing might occur with serious resnlts. 
It will be observed that in this t^pe of engine the Tvhole of 
the ail is heated before entering the cylinder; hence the 
weight of the charge is considerably reduced, and the mean 
pre^nre thereby reduced. It is sometimeB anggeated that 
difficulties in the goTeming are encountered by the use of 
this vaporiser. For if the exploBJons are discontinued by 
the cntting-ont system of governing, then the vaporiser 
cools. Tileaars. Frieetman obviate thia by their regulation 
of the oil and air supply, thus keepiug the engine running 
even at light loads without miasisg Sre. This method 
seems to be prejudicial to the economic conEumption of oil 
at light loads. Accordirg to Frofesaor Unwin's paper* on 
the Priefitman oil engine, the conBumptiou, when running 
■with no load, was over 5 lb. of oil (RusBolene) per hour 
-whereas when the engine was doing nearly 7 brake horEe 
power the oil consumption was only 3{ lb. per hour— that ia, 
0'988 lb. per brake horse power. Thus it appears that iho 
method of reducing the oil supply, even though the air ia 
also reduced, is prejudicial to economy. 

From an analysis of the trials (see table of oil engine 
dimensions and consumptions) there appears little to choose 
between the various classes of vaporisers. It is important, 
however, to note the difference existing between vaporisers 
working with all the air passing through and those with 
only a portion. The cooling effect of the air in thu 
former case should be carefully considered in designing the 
vaporiser. Results show that thither methods give excellent 
rraulta, as far as conanuiption. The mtan pressure in 
Croasley's and Fielding's engines exceed those of other 
lypes. The mean pressure in the Hornaby Akroyd engine 
(of cbes 4) is lower than any other. A large size of cylinder 
is therefore required. This ia, however, compensated for by 
simplicity of parts and general neatness. 
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